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(54) Method and device for synchronously impact milling of material 

(57) The invention relates to a method for directly 
and multiply making material collide in an essentially 
deterministic manner, the material being guided by a 
rotating guide member (8), from a centra! feed, along a 
guide lace (10) and to a delivery end (1 1), in such a 
manner, that the material leaves the guide mender, 
from an essentially predetermined take-off location, at 
an essentially predetermined take-off angle and at a 
take-off velocity which can be selected with the aid of 
the angular velocity, with the instantaneous angle (6) 
between the radial line (48) on which the delivery end is 
situated and the radial line (49) on which is situated the 
location where the spiral stream (9) and the path of the 
rotating impact member (14) intersect one another 
being synchronized in such a way that the impact takes 
place at an essentially predetermined location, at an 
essentially predetermined impact angle and at an 
impact velocity which can be selected with the aid of the 
angular velocity, whereupon the material, when it comes 
off the impact face, collides with a collision face of a sta- 
tionary impact member at a collision velocity which Is at 
least as great as the impact velocity. 
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Description 

RELD OF THE INVENTION 

5 The invention relates to the field of making material, in particular granular or particulate material, collide, in partic- 

ular with the object of breaking the grains or particles. However, the method of the invention is also suitable for other 
purposes for which materials have to be hit by grains or particles at great speed, such as working or treating, for exam- 
ple "cubing" or cleaning, grains and particles. 

10 BACKGROUND OF THE INVENTION 

According to a known technique, material can be broken by subjecting it to an impulse loading. An impulse loading 
of tNs kind is created by allowing the material to collide with a wall at high speed. It is also possible, in accordance with 
another option, to allow particles of the material to collide with each other. The impulse loading results in microcracks, 

IS which are formed at the location of irregularities in the material. These microcracks continuously spread further under 
the influence of the impulse loading until, when the impulse loading is sufficiently great or is repeated sufficiently often 
and quicWy. ultimately the material breaks completely and disintegrates into smaller parts. Depending on the specific 
material properties of the collision partners, in particular the mechanical properties, such as the elasticity, the brittle- 
ness and the toughness, and the strength, in particular the tensile strength, on the one hand of the material which ool- 

so lides with an impact face of an impact member at great speed and on the other hand of the material which forms the 
said innpact face, these materials become deformed or yield during the impact. In any case, the inrpact loading always 
results in deformation and wear to both collision partners. The impact face can be formed by a hard metal face or wall, 
but also by grains or a bed of its own material. The latter case is an autogenous process, and the wear during the impact 
remains limited. 

25 The movement of the material is frequently generated under the influence of centrifugal forces. In this process, the 
material is flung away from a quickly rotating rotor, in order then to collide at high speed with an armoured ring which is 
positioned around the rotor and optionally rotates about a vertical shaft in the same or the opposite direction. If the aim 
is to break the material, it is a precondition that the armoured ring be composed of harder material than the impacting 
material: or is at least as hard as the impacting material. The impulse forces generated In the process are directly 

30 related to the velocity at which the material leaves the rotor and strikes against the armoured ring. In other words, the 
more quickly the rotor rotates in a specific an-angement. the better the breaking result will be. Furthermore, the angle 
at which the material strikes the armoured ring has an effect on the breaking probability. The same applies to the 
number of impacts which the material undergoes or has to deal with and how quickJy in succession these inpacts take 
place. This method is known from various patents and is employed in a large number of devices for breaking granular 

35 material or making it collide. 

Since about 1850. many hundreds of patents have been granted worldwide for this method. A distinction can be 
drawn here between single inrpact crushers, in which the material is loaded by a single impact, indirect multiple impact 
crushers, in which the material is accelerated again after the first impact and loaded by a second inpact. which process 
can be repeated further, and direct multiple impact crushers, in which the material is loaded in immediate successbn 

40 by two or more impacts. Direct multiple inpact is preferred, since this considerably increases the breaking probability. 
A single impact ausher, Intended for breaking granular material, was announced in the literature as early as 1870 
{Ritter von Rittinger, Lehrbuche der Aufbereitungskurxle, Figure 34), the crusher being equipped with a rotor on which 
are located relatively long guides, by means of which the material is accelerated and then flung outwards, at great 
speed, from the delivery end of the guides against a knurled, stationary armoured ring, which is disposed around the 

45 rotor, during which impact the material, if the velocity is sufficiently great, breaks. In the known device for breaking mate- 
rial by means of a single impact, the material to be broken is flung outwards, under the effect of the centrifugal forces, 
on rotation of the rotor. The velocity obtained by the material in the process is generated by guiding the material out- 
wards along a guide, and is composed of a radial velocity component and a velocity component which is directed per- 
pendicular to the radial component, in other words a transverse velocity component. 

so The theory of the single impact crusher was described extensively as early as 1889 {M.E. Bordier: Broyeur Vapart; 
Revue de L'Exposition de 1889. septieme partie. Tome II. Les machines-outils. Travail des divers Mat^riaux. Broyeurs, 
concasseurs. pulv6risateurs, etc., p. 627-631 . 1889). When viewed from a stationary position, the take-off angle of the 
material to be broken from the edge of the rotor blade is determined by the magnitudes of the radial and transverse 
velocity components which the material possesses at the moment when it comes off the delivery end of the guide. If the 

55 radial and transverse velocity conrponents are equal, the take-off angle is 45°. Since in the known single impact crush- 
ers the transverse velocity component is generally greater than the radial velocity component, the take-off angle is nor- 
mally less than this, and lies between 35** and 45*». Over the relatively short distance covered by the material to be 
broken in the known devices until it strikes the impact face, the force of gravity, the air resistance, any air movements 
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and a self -rotating movement of the grains normally have no significant effect on the direction of movement for (mineral) 
grains with diameters of greater than 5 mm. For grains with a smaller diameter, or grains composed of lighter material, 
the effect of the air resistance, in particular, increases considerably. As a general rule, it can be stated that the effect of 
the air resistance increases for grains of smaller diameter, while the effect of the grain configuration on the air resist- 
5 ance increases for grains of larger diameter. The known atmospheric impact crushers can be used to process material 
to a diameter of 1 to 3 mm. For smaller diameters, die breaking process has to take place in a chancer in which a partial 
vacuum can be created. 

As long as the diameter is not too small, the material to be broken therefore moves, when seen from a stationary 
viewpoint, at a virtually constant velocity along a virtually straight line towards the location of the impact on the station- 
10 ary armoured ring. The impact angle of the granular material against this armoured ring is defined by the take-off angle 
of the granular material from the delivery end of the guide and by the angle at which the impact lace is disposed at the 
location of the impact. 

In the known single impact crusher, the impact faces are generally disposed in such a manner that the impact in 
the horizontal plane as far as possible takes place perpendicularly. The specific arrangement of the impact faces which 

15 is required for this purpose means that the armoured ring as a whole has a type of knurled shape. A device of this kind 
is known from US 5,248.101 . The stationary impact faces of the known devices for breaking material are frequently of 
straight design in the horizontal plane, but may also be curved, for example following all involute of circle. A device of 
this kind is known from US 2.844.331 . This achieves the effect of the inrpacts all taking place at an impact angle which 
is as far as possible identic£d (perpendicular). US 3.474,974 has disclosed a device for single impact in which the sta- 
tionary impact faces are directed obliquely downwards in the vertical plane, with the result that the material is guided 
downwards after impact. This results in the impact angle being moire optimum, while the impact of subsequent grains 
is affected to a lesser extent by fragments from previous impacts, which is known as interference. 

The problem with the known single impact crusher described is that the comminution process takes place during 
one single impact which is directed as perpendicularly as possible. Examinations have shown that a perpendicular 

25 impact is not optimum for comminuting most materials t^y means of impact loading and that a greater breaking proba- 
bility can be achieved, depending on the specific type of material, with an impact angle of approximately 75**, or at least 
between 70** and 85**. Furthermore, the breaking probability can be increased considerably further if the material for 
breaking is subjected to an impact loading not just once, but rather a number of times in quick succession, and at any 
rate at least twice. 

30 Furthermore.- in the impact crusher described, the inpact of the granular material is to some extent considerately 
disturtDed by the projecting corners of the impact plates. This interference can be given as the length which is calculated 
by multiplying the diameter of the fragments of material for breaking by the number of projecting corners of the 
armoured ring, with respect to the total length or the periphery of the arnnoured ring. In the known single impact crush- 
ers, frequently more than half the grains are interfered with during impact. This interference increases considerably as 

35 the comers of the impact plates become rounded by wear; with the result that even the beneficial effect of directing the 
impact faces obliquely forwards and making them curved is quickly cancelled out. 

The single impact, the impact angle which is as far as possible perpendicular, and the distuibing influences result- 
ing from interference and above all from the projecting cornera are the cause of the fact that the breaking probability of 
the known device described for breaking material by a single impact is limited, while the quality of the broken product 

«? can exhibit considerable variations. To achieve a reasonable degree of comminution, it is frequently necessary to 
increase the impact velocity, which requires extra power and causes the wear to increase considerably, while an unde- 
sirably high content of extremely fine particles may result. 

DE 1 .253.562 has disclosed a device for breaking grains by means of a single impact in which use is made of two 
rotor blades situated one atxyve the other, which are both provided with guides and both rotate in the same direction, at 

45 the same angular velocity and about the same axis of rotation. In this device, a first part of the material is accelerated 
onto the upper rotor blade and is flung outwards against a first armoured ring which is disposed around the upper rotor 
blade. The second part of the material is accelerated onto the second rotor blade, which is situated below the first rotor 
blade, and is flung against a second armoured ring, which is disposed around this rotor blade. The capacity is thus dou- 
bled, as it were. DE 1 ,814,751 has disclosed a device in which more than two systems are placed atx>ve one another. 

50 Various patents have disclosed methods for accelerating granular material onto a rotor, the attempt being to 
achieve the required velocity while consuming as little power as possible and above all to limit the wear as far as pos- 
sible. 

US 3.955,767 has disclosed a device by means of which the material is accelerated by guide members which are 
provided with relatively long rotating radial guide faces. This process has the advantage that these grains are able to 
55 make good contact with the guide face and are flung outwards from the delivery end of the guide member at approxi- 
mately the same velocity and at approximately the same take-off angle. However, the wear to these relatively long 
guides is extremely high; this is because this wear increases very progressively, to the third power of the radial distance, 
as the velocity inaeases. 
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In addition to radially directed guides, devices are also known in which the guides are not disposed radially, but 
rather are curved fonivards or backwards, when seen in the direction of rotation, and may even be of double-curved 
design. UK 309,854 has disclosed a device in which the guides are bent backwards and the curvature is integrated with 
the curvature of stationary impact faces. UK 1 ,434,420 has disclosed a device in which the guides are designed in the 

5 form of a so-called scoop. EP 0,1 91 ,696 has disclosed a device in which th guides are bent fbnwards. in such a manner 
that the material itself attaches to the guide face under the influence of centrifugal force, so that an autogenous guide 
face is formed. US 1 ,875,817 has disclosed a device in which rotating hammers are disposed along the outside of the 
rotor blade, by means of which hammers the material is flung against stationary impact plates. Symmetrical arrange- 
ments are also known, such as from US 1 .499,455 and EP 0.562.194, which make it possible to allow the device to 

10 function rotating both Ibnwards and backwards. UK 2,092,916 has disclosed a device in which the guide is designed in 
the form of a tube. It has been found that changing the form of the longitudinal direction of the guide fiace in general has 
a relatively limited effect on the wear and the power consumption, because it is, after all. necessary to achieve a certain 
velocity, at which the material to be broken is flung away and strikes the stationary impact member. 

US 4,787.564 has disclosed a guide memk)er in which the guide face is perforated, so that the material is directed 

15 better and. at the same time, is guided outwards at various levels situated parallel and next to one another 

WO 96/32195, In the name of the applicant, has disclosed a rotor-blade design in which the guides with the central 
feed are disposed at various levels, while the discharge ends lie more towards the outside and at the same level. This 
means that the numt^er of guides oh the rotor blade, and thus the capacity, can be doubled without the feed of the mate- 
rial to the central feed of the various guide members being inpeded. 

20 US 5. 1 84,784 has disclosed a method for accelerating granular material, in which guide shoes, in the form of pro- 
jections, are disposed on the edge of a rotor blade, relatively far away from the axis of rotation. Thus the granular mate- 
rial, which is metered onto the centre of the rotor and. from there, spreads outwards over the rotor blade without 
hindrance, is taken up at a relatively great velocity, accelerated and flung outwards. This type of rotor, which exhibits 
less wear than a rotor which is equipped with longer, radially directed guides, which extend from the central part to the 

25 edge of the rotor blade, is in practice in widespread use in single impact crushers. The rotor blade of the known method, 
having the projections, does, however, exhibit the drawback that the acceleration takes place in a very uncontrolled 
manner. Grains can be taken up at the corners on the Inside or the outside of the projection or anywhere along the face, 
and from there can be loaded by means of an oblique or perpendicular impact and flung away; however, and this fre- 
quently occurs, they can also be accelerated by being guided along (a section of) the face of the projection, while com- 

30 binations. in particular of an oblique impact followed by the partial guidance, are also possible. In these known methods, 
the grains are consequently flung outwards at extremely changeable and divergent velocities in various directions, while 
the wear to the guides is still in relative terms extremely high, in particular owing to inpact friction and above all guide 
friction. Owing to the uncontrolled acceleration, the impacts of the various grains against the stationary, knurled 
armoured ring take place at very different velocities and at various angles. To achieve a reasonable level of comminu- 

35 tion, the rotational speed of the rotor has to be adapted to the grains which have the lowest breaking prot)ability, which 
strike against the armoured ring at the most unfavourable angle and at the lowest velocity. The rotational speed there- 
fore has to be relatively high. The broken product thus exhibits a considerable spread in grain size distribution, fre- 
quently with a high content of undesirable, very fine constituents, while the power consumption and also the wear are 
still relatively high. US 3.1 74,698 has disclosed a single impact crusher in which round bars are mounted instead of pro- 

40 jections. The metering face is formed by a relatively steep cone, the intention being to allow the material to strike the 
round bars at a high velocity, so that the grains can break even during this impact, after which the fragments are flung 
outwards against the stationary armoured ring. The symmetrical arrangement of the bars makes It pjossible to allow the 
rotor blade to rotate in both directions. 

It is important that the material should be metered as evenly as possible onto the metering face on the centre of the 

45 rotor. It is necessary to avoid metering the material at excessive velocity or from an excessive height. EP 0.740,961 has 
disclosed a device in which a metering chamber is disposed above the inlet of the rotor, from which metering chamber 
the material is metered onto the central part of the rotor blade in a uniform manner. 

Methods are also known in which the granular material is accelerated not in one step, as in the above-described 
discovered methods for single impact, but rather in two steps, by means of guidance. 

so US 3,032.169 has disclosed a device for accelerating granular material, by means of which the grain particles are 
guided from the central part of the rotor blade with a relatively short preliminary guidance to longer guides disposed 
directly radially on the outside; the material is accelerated along these longer guides and then flung against a stationary, 
knurled armoured ring disposed around the rotor blade. The object of the invention is to guide the grains, with the aid 
of the short preliminary guides, in a more regular distrtoution to the longer guides, specifically in such a manner that the 

55 grains do not strike these longer guides, but rather are accelerated along them, as far as possible by means of guid- 
ance, in order then to be flung outwards from the delivery end. 

US 3,204.882 has disclosed a device for accelerating granular material, by means of which the granular material is 
guided, by means of a preliminary guide disposed tangentially directly along the central part of the rotor blade, to the 
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guide face of a guide shoe, which guide face is directed more or less at SO"" outwards and is disposed at the end of the 
first tangential preliminary guide. This design aims to prevent the granular material from striking the guide surface of the 
shoe structure with an impact, instead of which it is to be accelerated along the guide surface in a regular manner and 
as far as possible in a sliding movement, in order then to be flung outwards, past the delivery end of the guides, against 

5 a knurled armoured ring. It is stated that this method considerat)ly reduces the wear and that the granules are acceler- 
ated more regularly. However, the wear to the guide face of the guide shoe is still high. Irrpact plates are additionally 
arranged behind the shoe structure, by means of which impact plates material or grain fragments which rebound after 
impact against this stationary armoured ring are collected and loaded again. These impact plates can also be designed 
as impact hammers and at the same time serve as a protective^tructure for the rotor. 

10 Instead of a metal guide face, the material on the rotor blade can also be accelerated along a bed of the same 
material, i.e. an autogenous guide face. For this purpose, the rotor tslade has to be equipped with a structure in which 
this same material accumulates under the effect of centrifugal force and forms an autogenous guide bed. in which case 
the structure in question is a chamber vane structure. 

US 1 .547,385 has disclosed a single impact crusher in which the material becomes attached to the rotor blade 

75 along sections of a circular wall, the material being accelerated and then flung outwards, primarily in a tangential direc* 
tion, through openings in the cylinder wall, primarily with the tip velocity at that location. The amount of material which 
is guided outwards through the slot-like openings in the cylinder wall, that is to say the flow rate, is determined primarily 
by the radial velocity component which the rnatehai has at the movement at which it passes through the slot-like open- 
ing. On the baseplate of the cylindrical chamber, where the contact with the grains is limited, the material only develops 

?o a low radial velocity, with the result that the flow rate also remains limited; moreover, it is only affected to a limited extent 
by the angular velocity. A further problem with the known structure is thiat the material becomes attached to the cylin- 
drical wall section between the slot-like openings, so that bridges can easily be formed, so that the flow of the granular 
material outwards is considerably impeded. The manner in which the grains are guided outwards through the openings 
in the cylinder wall is extremely chaotic, because essentially there is an absence of any form of guidance. Another prob- 

25 lem is presented by the considerable wear which occurs along the walls of the slot-like opening. US 1 .405.1 51 has dis- 
closed a similar design, in which the openings (delivery end) in the cylinder walls are provided with guide projections, 
so that an autogenous guide face can be formed. This design is improved further in US 4.834.298, so that a tangentially 
directed, autogenous guide lace can be formed in the cylinder. 

WO 96/20789 has disclosed a device in wfiich the material on the centre of the rotor blade is taken up in a sleeve. 

30 from where it is flung outwards along the top edge, under the Influence of centrifugal force. It is claimed that this con- 
siderably limits the wear. US 3,834,631 has disclosed a design in which the cylinder is arranged in tumbling fashion. JP 
61-216744 has disclosed a symmetrical rotor-blade structure which has the form of a cone which widens downwards. 
The material is introduced from above onto a co-rotating distributor disc which is suspended in the top of the cone and. 
from there, is flung outwards, where the material becomes "attached" to the inside of the cone in vane structures which 

35 are arranged there. In these structures there is formed an autogenous guide bed which is, as it were, inverted and along 
which the material is accelerated and flung outwards along the bottom of the edge of the cone. 

US 3,1 74,697 has disclosed a device for accelerating granular material, in which the rotor is equipped with a guide, 
each in the form of two chamber vanes which are positioned in line with one another. Under the influence of centrifugal 
force, the granular material accumulates in these chamber vanes, resulting in the formation of a type of bent, tangen- 

io tially directed, autogenous guide face, along which the granular material is accelerated and flung outwards. 

US 3,162,386 has disclosed a similar device for accelerating granular material with guide arms which are directed 
radially outwards and along which guides more than one vane structure is fastened, each of which Is disposed tangen- 
tially in such a manner that the granular material accumulates in these vanes under the influence of centrifugal force, 
with the result that the vanes as a whole form an autogenous bed of grains, along which the granular material is accel- 

45 erated and flung outwards by stepwise guidance. This combination aims to prevent the material from ruttoing too much 
against the rotor blades, due to the fact that the fillet-like top ends of the fillings in the chamber vanes as a whole form 
an autogenous guide face, along which the material is accelerated and guided outwards. The number of chamber 
vanes is determined by the diameter of the rotor. At the same time, the wear to the guides, and in particular to the rotor, 
is limited. This is because the vanes are designed in such a manner that the granular material is prevented from rubbing 

50 along the bottom plates and top plates of the rotor housing, as a result of which wear to these plates is prevented. In a 
supplementary US Patent 3.346.203. a protective structure is also provided for the device of this invention, which struc- 
ture is arranged in the form of pins along the edge of the rotor, between the upper and lower blades, thus preventing 
granular material which retxjunds after it has struck the stationary armoured ring from damaging the rotor-blade struc- 
ture. The known ausher brings about a certain degree of direct, multiple autogenous impact, albeit uncontrolled. Since 

55 the "impact face" essentially functions as the subsequent guide face, this action is ineffective. 

EP 0,101 ,277 has disclosed a method for accelerating granular material and making it collide, using guides which 
are disposed virtually tangentially arxl, furthermore, are designed such that an autogerfous guide face made of the 
same material is formed against these guides, under the influence of centrifugal force. The known structures, by means 
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of which an autogenous guide face is formed, aim to limit wear. However, a relatively great amount of wear occurs at 
the delivery end of a guide of this kind. Moreover, the tangential arrangement of the guide is the cause of the fact that 
the radial velocity component is used only to a very limited extent for accelerating the material. The grains come off the 
delivery end with essentially only the tip velocity and scarcely any radial velocity. As a result much of the added energy, 
5 approximately half, is lost Furthermore, a large quantity of energy is lost because the grains in the rotor are guided 
towards the edge of the rotor in an essentially unnatural, forwards movement. Consequently, the known rotor structure 
has only a limited efficiency. A major problem with the known crushers is that because the grains do not develop any 
radial velocity along the guides, they do not have any outwards velocity, when seen from the viewpoint which moves 
together with the delivery end. when they come off the delivery end of the guide, and therefore they move directly back- 
to wards, seen in the direction of rotation, and cause intense wear along the outer edge of the delivery end (tip). Thus, 
moreover, considerable velocity is lost. Dozens of tip designs are known for the delivery end of rotors of this kind, which 
designs aim to limit the wear, and are known inter alia from US 5,131,601 and EP 0,187,252. EP 0,265,580 and EP 
0.452,590. UK 2.21 4,1 07 and WO 95/1 0358. WO 95/10359 and WO 95/1 1086. However, none of the known tip designs 
functions satisfectorily, and they are unable to prevent the occurrence of intense wear at the delivery end. US 4.390. 136 
IS has disclosed a device in which the guide, which is of symmetrical design, is formed by vertical bars, which are dis- 
posed along the edge of the rotor blade in such a manner that a type of semi-autogenous guide^ce is produced. 

The material is flung from the rotor against an armoured ring disposed around the rotor, during which impact the 
material breaks. It is possible to combine the guide and impact structures in various ways: a steel guide face and a steel 
impact face, known as steel-on-steel, an autogenous guide iace and a steel impact face, known as stone-on-steel, an 
20 autogenous guide face with an autogenous impact face, known as stone-on-stone, and a steel guide face with an autog- 
enous impact face, known as steel-on-stone. The armoured ring is generally formed by separate elements, i.e. impact 
plates, which are disposed around the rotor blade with their impact face directed perpendicular to the straight path 
which the grains describe when they are flung outwards from the rotor blade. The wear to the impact plates is relatively 
high, since the grains continuously rub along them at high speed. US 4.090,673 has disclosed a typical structure (steel- 
25 pn-steel) in which the separate inpact plates are provided with a special fastening structure, so that they can be 
exchanged quickly JP 2-237653 has disclosed a device in which the impact faces are designed such that less hin- 
drance is undergone as a result of the wear of the projecting corners. EP 0. 1 35.287 has disclosed a design in which the 
impact plates comprise elongate, radial blocks which are disposed next to one another around the rotor blade. These 
blocks, as they become worn, can always be moved fonwards. so that they have a longer service life. In this case, the 
30 impact face of the armoured ring is knurled centrally and is no longer directed perpendicular to the path which the grains 
describe. Overall, it has to be stated that in the known crushers the wear is relatively high in relation to the intensity of 
comminution. 

JP 06000402 and JP 06063432 have disclosed devices in which the impact plates are vertically adjustable, so that 
the wear can be spread more evenly along the impact face. 

35 JP 06091 185 has disclosed a device which is symmetrical and in which it is possible to change the length of the 
guide members in the radial direction and to adjust the height of the impact faces. This document contains an extensive 
(theoretical) discussion of the movement of granular material along a radially disposed guide face. 

Instead of an armoured ring, against which the material is flung from the delivery end of the autogenous guide, a 
trough structure may be disposed around the edge of the rotor, in which trough an autogenous bed of the same material ^ 

40 builds up. against which bed the granular material which is flung off the rotor blade then strikes (stone-on-stone). US 
4,575,014 has disclosed a device with an autogenous rotor blade, from which the material is flung against an armoured 
ring (stone-on-steel) or a bed of the same material (stone-on-stone). JP 59-66360 has disclosed a device in which the 
materia] is flung from steel guides onto an the same bed (steel-on-stone). Comminution takes place in the bed of the 
same material by the grains collkJing with one another and undergoing friction. As a result, the wear is limited further; 

45 however, the impact intensity, i.e. the impulse loading of the grains in the autogenous ring, is limited in the known 
method. Due to the fact that primarily the transverse velocity component (tip velocity) is active and the radial velocity 
component, although limited, is variat>ly active, the grains are guided into the autogenous bed at extremely shallow but 
very diverse angles (from approximately 5"" to 20*'). Consequently, the impact against the autogenous bed of tiie same 
material takes place at a very oblique, and moreover variable impact angle, which as a result has limited effect. As a 

so result, the grains are guided In a movement "running round" along the autogenous bed. When the grains collide with 
one another, the impacting grains are loaded against grains which continue to move along the said bed of the same 
material; i.e.. as it were, from behind, which also has little effect. The level of comminution of the known method is there- 
fore low, and the crusher is primarily employed for the after-f eatment of granular material by means of rubbing the 
grains together, and in particular for "cubing" irregularly shaped grains. A further drawt>ack is that if the material for 

55 breaking contains fine material, or a large number of small particles are formed during the autogenous treatment, the 
autogenous bed can easily become blocked, forming a so-called dead bed of fine particles. Material which strikes 
against and rubs along a dead bed of this kind is relatively ineffective. It is therefore in actual tect not possible to call 
this a comminution process, but rather a nrK>re or less intensive after-treatment process for material which has already 
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been broken. 

JP 04300655 has disclosed a single impact crusher in which the autogenous ring is designed so that it can be emp- 
tied at the bottom, thus allowing the bed of the same material to be. as it were, exchanged regularly. As a result, a dead 
bed is less likely to fonri. US 4,844,364 has disclosed a single impact ausher in which the autogenous bed is formed 

5 in a structure in which it can move right round, thus aiming to make the autogenous action more intensive. 

JP 07275727 has disclosed a single impact crusher in which an armoured ring is disposed around part of the rotor 
arKi a bed of the same material is disposed around part of the rotor, so that the intensity of comminution differs consid- 
erably and a grain size distribution with a large dispersion can be achieved. 

EP 0,074,771 has disclosed a method for breaking material using autogenous guides and a stationary bed of the 

10 same material, in which part of the granular material is not accelerated but rather is guided around the outside of the 
rotor. Two streams of grains are thus formed, a horizontal first stream of grains, which is flung outwards onto the rotor 
from the guides. arKi a vertical second stream of grains which, as it were, forms a curtain of granular material around 
the guides. The material from the first accelerated horizontal stream of grains now collides with the material of the sec- 
ond, unaccelerated vertical stream of grains, whereupon the two collided streams of grains are taken up in an autoge- 

15 nous bed of the same material, so that this can be known as an inter-autogenous comminution process. This method, 
which aims to save energy and to reduce the wear, has a number of drawt>acks. The loading takes place by the perpen- 
dicular collision between a grain moving quickly in the horizontal direction and a grain moving relatively slowly in the 
vertical direction. The effectiveness of a collision of this kind is essentially low; in the nfK>st favourable scenario, when 
grains of the same mass hit each other full on. at most half of the kinetic energy is transmitted, while only a limited frac- 

?o tion of the grains actually contact each other fully. Furthermore, the material which is accelerated with the guide is con- 
centrated in separate first horizontal streams of grains, which are guided, from the guides, around the inside of a vertk:al 
curtain, or second stream of granular material. Consequently, the grains from the second stream of grains are not all 
loaded uniformly In fact some of the grains from the second stream of grains are not even touched at all before being 
collected at the bottom in the bed of the same material The specific, very oblique angle at which the grains from the 

25 first stream of grains leave the rotor Wade is furthermore the reason for the intensity of the impact of the collided mate- ^ 
rial from tiie first and second streams of grains against the autogenous bed of the same material being limited. The 
effectiveness of tiie known method is therefore limited. Here too, a dead autogenous bed is easily formed, as a result 
of which tiie autogenous action along the bed of tiie same material is limited. Moreover, the method is extremely sus- 
ceptible to changes in the quantitative distribution of the material across the first and second streams of grains. 

30 US 3,044,720 has disclosed a device for indirect multiple impact, in which the material is flung, with the aid of a first 
rotor blade, against a first stationary armoured ring where, after impact, rt is taken up and guided to a second rotor blade 
situated beneath the first, which rotates at the same angular velocity, in the same direction and about the same axis of 
rotation as the first rotor blade, on which second rotor blade the second part of the material is accelerated for the sec- 
ond time, frequently at greater velocities than during the impact against the first impact face, and flung against a second 

35 stationary armoured ring, which is disposed around tiiis second rotor blade. US 3.160.354 has disclosed metiiods in 
which this process is repeated a number of times, or at least more than twice. US 1 .91 1 .193 has disclosed a device in 
which the impact plates on tiie rotor blade situated at a lower level are disposed ever further from the axis of rotation, 
so that the impact velocity increases. 

DE 38 21 360 (JP 0596194) has disclosed a method for indirect multiple impact, in which the material, after it has 

w been accelerated for the first time on a first rotor blade and flung against an armoured ring, is taken up on a second 
rotor blade, situated below the first, from where it is flung against an autogenous bed of the same material. JP 
08192065 has disclosed a similar device, in which the material is flung from both the first and the second rotor blades 
against a bed of the same material. This structure aims, inter alia, to utilize as much as possit^te of the kinetic energy 
which the grain still possesses after the first impact. However, this kinetic energy is generally limited, since the material 

45 often loses virtually all its kinetic energy during the stationary impact and, as it were, kills this energy In order to prevent 
tiie formation of a dead bed in the autogenous ring, air can be injected into the trough structure from below, so that rel- 
atively fine particles can be blown out of the material bed. 

Indirect multiple inpact of this kind can achieve a high level of comminution. However, the wear and the power con- 
sumption are high, while it is frequentiy difficult, after the first impact, to guide the material uniformly to the next rotor 

so blade, on which the material is accelerated again and undergoes a second impact. 

WO 94/29027, which is in the name of the applicant, has disclosed a device for direct multiple impact, the impacts 
taking place in an annular and slot-shaped space between two casings which are positioned one atx)ve the other and 
are in the form of truncated cones which widen downwards and which are both rotatable in the same direction and at 
the same angular velocity as the rotor, around the same axis of rotation. Instead of cones, in tiie known method for 

55 direct multiple impact, the impact faces can also be composed of straight faces which are cBsposed in the centre before 
the delivery end of tiie guides and, in the horizontal plane, are directed perpendicular to the radius of the rotor. This 
angle which is directed perpendiculariy in tfie horizontal plane may he altered by +1 0** and -10**. thus allowing the mate- 
rial which is to l>e broken to be guided downwards between the impact faces as far as possible perpendiculariy in a zig- 



MSDOCID: <EP 0835e90Al J_> 



7 



EP0835 690A1 



zag path of direct multiple impact, and making it possible to prevent the material to be broken from striking the side walls 
of the breaking chamber. In the rotating breaking chamber, primarily the radial velocity conponent is utilized; the resid- 
ual energy, which is mostly transverse, is only utilized after the material is guided out of the rotating breaking chamber 
and strikes stationarily disposed impact faces. 
5 Instead of being stationary, the impact face may also be designed to rotate, about the same axis of rotation as the 

rotor blade. In this case, rotation can take place in the same direction and at the same angular velocity as these guides, 
txjt also oppositely thereto. 

UK 376.760 has disclosed a method for breaking granular material, by means of which a first and a second part of 
the granular material are flung outwards, with the aid of two guides which are situated directly above one another, are 

10 directed towards one another and rotate around the same axis of rotation but in opposite directions. As a result, the two 
streams o1 grains are oppositely directed, with the result that the grains hit each other at a relatively great velocity and 
are then taken up in a trough structure which is disposed around the two rotor blades and in which the granular material 
buikis up a bed of the same material. In order to allow the grains to hit each other correctly, it is necessary to concen- 
trate the oppositely directed streams of grains as far as possible in one plane between the rotor blades. With guides. 

75 this can be achieved only to a limited extent, because the grains, when they come off the delivery end, under the influ- 
ence of centrifugal force, immediately move outwards in a^ horizontal path. Therefore, only a limited fraction of the grains 
actually collide fully with one another. The specific arrangement of the guides, which is necessary in order as far as pos- 
sible to move the streams of grains into one plane when they come off the delivery erxi of the guides is the reason for 
the wear to the guides being relatively great. JP 2-227147 has disclosed a similar structure in which the material is 

20 launched from a symmetrical autogenous structure. 

JP 2014753 has disclosed a device in which the material on a rotor, which is equipped with autogenous guides, is 
flung outwards against an autogenous bed of the same material, which is formed in a trough structure which rotates in 
the same direction as the rotor, but is driven separately. 

DE 31 1 6 1 59 has disclosed a device in which an autogenous ring is disposed around a sleeve structure in the cen- 

25 tre of the rotor blade, which autogenous ring rotates in a direction opposite to that of the sleeve structure. 

JP 2-122841 has disclosed a device in which a rotor is disposed in the centre, which rotor is provided with first 
chamber vanes, in which material accumulates, forming a guide face, around which is disposed a rotor with similar, sec- 
ond chamber vanes which rotate in the opposite direction and from which the material is flung into the autogenous t^ed 
disposed around it. The material is flung from the first chamber vane at great velocity against the material in the second 

30 Chamber vane and, from there, into the statbnary autogenous ring. A problem with the known crusher is the transfer 
from the first to the second chamber vane, which is impeded to a consklerable extent by the edges of the chamber 
vanes. 

JP 2-122842 has disclosed a device in which a ring structure is disposed around the outside of the rotor with cham- 
ber vanes, which rotor is disposed in the centre, which ring structure rotates in the opposite direction and an autoge- 
35 nous bed accumulates therein. 

JP 2-122843 has disclosed a crusher, of which two rotors are disposed in the crusher chamber, which are provided 
with two rotors, which are positioned one above the other, rotate in opposite directions about the same shaft and are 
each provided with chamber vanes, the material being guided outwards into the autogenous ring in two oblique paths 
which are situated one above the other and in opposite directions, which process leads to an Intense after-treatment. A 
40 disadvantage is that the jets do not immediately contact one another, but rather do so only after they have struck the 
autogenous bed. 

A significant problem with the known rotors operating in opposite directions is the complicated separate drive. 
SU 797761 has disclosed a device in which the material, after it has been accelerated on the rotor blade, is flung 
outwards against a stationary, knurled edge, from where it is taken up again by projections which are fastened along 
45 the edge of the rotor. However, this process, which is known as direct multiple impact, is disrupted by the material not 
rebounding "cleanly" when It strikes the points of the knuried edge and not being taken up by the projections. 

DE 39 26 203 has disclosed a rotor structure in which rebound plates are disposed behind the channber vanes for 
taking up material which rebounds from tiie armoured ring. i.e. direct multiple Impact. JP 06079189 has disclosed a 
similar, but symmetrical design for indirect multiple impact, the rebound plates being fastened in a pivoting manner 
50 along the outer edge. US 2.898.053 has disclosed a direct multiple impact crusher in which the material, after it has 
struck a stationary armoured ring from the rotor blade, is taken up by Impact plates which are suspended along the bot- 
tom of the rotor blade. 

DE 39 05 365 has disclosed a direct multiple impact crusher, by means of which tiie material is guided from the 
rotor blade between impact faces which are directed radially outwards, are positioned next to one another and are dis- 
55 posed around tine rotor blade. The material executes a zig-zag movement between tiiese impact plates. A problem with 
the known impact crusher is the disruption from the points of the impact plates. 

EP 0 702 598. which Is in the name of the applicant, has disclosed a direct multiple impact crusher, by means of 
which the material, after it is flung from the rotor blade, is taken up in a circular, gap-like space which is disposed around 
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the rotor blade and in which the material is guided downwards in a zig-zag path. This crusher functions only if the dis- 
tance between the edge of the rotor t)iade and the surrounding stationary inpact face is made to be relatively great. 

PCT/NL96/00154 and PCT/NL96/00153. which are in the name of the applicant, have disclosed a method for direct 
multiple impact, in which the impact face is formed by a planar arnrx)ured ring which is di^josed around the rotor and 

5 can be rotated in the same direction arxJ at the same angular velocity as the rotor, around the same axis of rotation: 
furthermore, its impact face, which is directed inwards, has a conical shape which widens downwards. The material, 
which after the first impact still has a considerable residual velocity, is guided further to a stationary second impact plate 
or bed of the same material, where it undergoes the second impact. When seen from a co-rotating position, i.e. when 
seen from a viewpoint which moves together with the rotor, primarily the radial velocity component is active at the 

io moment that the grain comes off the delivery end of the guide. The transverse velocity component of the material to be 
broken is in fact at that moment equal to that of the delivery end. After the material to be broken comes off the delivery 
end. it bends off gradually, when seen from a viewpoint which moves together with the rotor, in a direction towards the 
rear, when seen from the direction of rotation, thus describing a spiral path. In the known method for direct multple 
impact, the impact face is directed perpendicular to the radius of the rotor shaft and therefore has to be disposed at a 

75 relatively short radial distance from the delivery end of the guide, because, if this distance t>ecomes too great, the angle 
at which the material to be broken strikes the horizontal face becomes too oblique, with the result that the inrpact inten- 
sity decreased considerably and the wear increases considerably. The short distance required is the cause of the 
impact velocity against the co-rotating impact face being d^ined primarily by the radial velocity component. In order to 
generate a reasonak>le radial velocity component, the guide on the rotor blade has to be made relatively long, or else 
?o the angular velocity has to be raised considerably, which in both cases leads to a high level of wear to the guide and 
extra power consumption. Since the transverse component does not contribute to the impact intensity, or does so only 
to a limited extent, a not insignificant part of the energy supplied to the material to be broken is not used profitably dur- 
ing this first impact. However, the unused energy to a large part remains after the first impact, and in the known method 
for multiple impact is utilized during one or more immediately following impacts against stationary impact faces. 

25 SU 1 .248.655 has disclosed a device in which an impact means is situated outside the rotor, in line with the guide, 
the centre of the radial impact face of which impact means is directed perpendicular to the radius which joins this centre 
to the centre of the rotor, which impact face can be rotated at the same velocity as the rotor around the axis of rotation. 
The impact face is in this case disposed at a relatively short radial distance beyond the delivery end of the guide, since, 
if the radial irrpact face were to be disposed at a greater distance beyond the guide, the material to be broken would 

30 pass along the back of the impact face, when seen in the direction of rotation. The relatively short distance between the 
delivery end and the impact face has the consequence that the transverse velocity component scarcely contributes to 
the impact intensity as a result of which, since the residual energy in this known method is not utilized further in the first 
impact, a large proportion, approximately half, of the energy supplied to the material to be broken is completely lost. 
FR 2,005,680 has disclosed a direct multiple impact crusher, in which the rotor is equipped with guides which in 

35 relative terms are very short and are disposed close to the axis of rotation. In this case, the material is not metered cen- 
trally onto the rotor blade, but rather directly atx>ve the guides, from where it is flung outwards, whereupon the material 
is taken up by a large number of short radial impact faces which are mounted along the edge of the rotor blade. A large 
number of short, radially directed, stationary impact faces are disposed directly around these guides, resulting in a sort 
of grinding track. The conveyance of the grains between these impact faces is given extra impetus with the aid of an air 

w flow. A prot)lem with the known device is that there is a considerable disturbing effect during the entry of the material at 
the location of the top edges of the short guides, with the result that the inpact acceleration is extremely chaotic, and 
also that there is a considerable disturbing effect at the location of the points of the co-rotating irrpact faces. 

JP 54-104570 (US 4.373.679) has disclosed a direct multiple inpact crusher, in which the material is metered into 
a thin-walled cylinder which is located on the central part of the rotor t)lade, from where the material is flung outwards 

45 through slot-like openings in the cylinder wall, under the effect of centrifugal force. Impact members are fastened along 
the edge of the rotor at some distance outside the cylinder. These impact members are preferably formed by pivoting 
hammers. The cylinder structure with the slot-like opening is selected so as to minimize the length of the impact faces, 
so that the grains are not accelerated radially, but rather, with an inpact. are guided outwards from the cylinder in an 
essentially tangential path only under the effect of the transverse velocity conponent (tip velocity). The aim of the 

50 method is to guide the material outwards always in an essentially tangential - i.e. essentially the same - direction, irre- 
spective off the rotational speed of the rotor. It is stated that if the grains are guided outwards in a tangential path of this 
kind, the movemertt of the grains even those with a relatively small diameter, is not affected by turtxjience caused by 
the rotating hammers. Furthermore, the tangential path makes it possible to control the location where the grains strike 
the co-rotating hammers, by turning the cylinder with respect to the hammers. The known crusher has a number of 

55 drawtjacks. The material which is metered onto the centre of the rotating rotor blade on the bottom of the cylinder 
describes, when seen from the slot-like opening in the cylinder wall, an outwardly directed spiral (Archimedes* spiral) 
path in a direction opposite to the direction of rotation of the rotor. In doing so, the material develops, with respect to the 
slot-like opening, only a low speed. It is therefore inevitable that part of the material will pass through the slot-like open- 
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ing without coming into contact with the edge of the slot-like opening, i.e. will, as it were, roll outwards through the gaps. 
Some of the material comes into contact with the edge and in so doing is accelerated by means of an impact, in which 
case the material can be hit by the points or by the short impact face, or by the very short impact face. A significant prob- 
lem with the crusher according to the invention is that since the material is unable to develop any radial velocity com- 

5 ponent, or can develop only a very limited radial velocity component, the flow rate of the said rotor blade, which is 
essentially a function of the radial velocity conrtponent. is limited. This was pointed out earlier in the discussion of cylin- 
drical guide members of this kirKj. Furthermore, the feed of the material to the slot-like opening is dlsturt>ed to a con- 
siderable extent, due to the fact that, under the effect of centrifugal force, material becomes attached to the cylirxler 
segments between the slot-like openings, with the result that bridges are formed in the cylindrical space. Only a limited 

10 amount of the grains will really hit the impact face of the hammers full on, with the impacts taking place spread along 
the innpact face. Moreover, since there is no protective (tip) structure provided, the edge will become worn very quickly 
and irregularly, with the result that the way in which the grains are guided outwards is disturt>ed furtfier. In order never- 
theless to subject all the grains to an impact, a second set of tiammers is provided which are mounted along the edge 
of the rotor blade, in a plane directly below the first hammers. 

IS EP 0.562,163 has disclosed a symmetrical multiple impact crusher in which the rotor blade is equipped along the 
edge with hammers, the material being nnetered from above these hammers and being gukjed with an impact between 
stationary impact plates which are directed radially outwards. After striking these plates, the material falls downwards, 
where it is taken up by a second set of hammers, which rotate along the inside of a steel armoured ring, the opening 
between the hammers and the arnrK>ured ring forming a gap, so that a maximum grain dimension of the broken product 

20 is limited. 

US 4.145.009 has disclosed a rotor blade which is provided along the edge with hammers, the material being 
metered around the rotor blade, above the rotating hammers. An armoured ring is disposed around the outside of the 
hammers, the distance between the hammers and the armoured ring being adjustable, so that the maximum grain 
dimension of the broken product can be controlled. 

25 In principle, it is possible with direct multiple impact crushers to synchronize the movement of the impact members 
in such a manner that the grains are always hit full on by the respective impact faces. 

US 1.331,969 has disclosed a multiple synchronized impact crusher in which the moving impact plates are 
mounted on two rotors which are situated next to one another and rotate about horizontal shafts, the rotating movement 
of the rotors being mutually adapted so that the material is successively hit firstly full on by the first inrpact plate and 

30 immediately afterwards full on by the second impact plate. 

EP 0,583.515 has disclosed a device for direct multiple (double) impact, in which the material is comminuted by a 
first impact plate which rotates around a first axis of rotation and from which the material is guided in a direction towards 
a second impact face, which rotates about a second axis of rotation and the rotating movement of which is synchronized 
with that of the first impact face in such a manner that the material is hit full on twice immediately in succession. A prot>- 

35 lem with the known method is that the direction in which the material is guided from the first impact face inevitably exhib- 
its a certain dispersal, with the result that this material is hit by the second rotor blade at "considerably" differing 
distances and thus at "considerably" differing tip velocities of the axis of rotation. K is claimed that impact against a sta- 
tionary wall provides the lowest possible loading. 

Impact loading is also used for the production of extremely fine material with diameters of less than 100 pm and 

40 even 10 \im. Since tiie movement of fine material is affected to a considerable extern by the air resistance, the rotor 
therefore has to be disposed in a chamber in which there is a vacuum. To break fine material (powder) by impact loading 
to give an extremely fine product, the material has to be introduced at a very great velocity, which places high demands 
on the structure whose rotor blade has to rotate at a very high speed, while a high level of wear is found on the means 
by which the material is accelerated. 

45 US 4,1 38.067 has disclosed a single impact crusher in which the material is flung outwards with the aid of a rotor, 
which is provided with closed guide ducts, into a chamber in which there is a vacuum and in vtrhich a stationary 
armoured ring is disposed around the outside of the rotor. Other centrifugal vacuum impactors have been disclosed in 
US 4.645.131 and US 4.697.743 and US 4.738.403. 

EP 0 750 944 discloses an vacuum low temperature impact system. 

so 

SUMMARY OF THE INVENTION 

The known methods for accelerating granular materials and then making them collide, with tiie aim of breaking or 
comminuting, working and cleaning tiiis material, have been found to have drawbacks. For example, the efficiency of 
55 the many known methods for comminution by means of single impact, indirect multiple impact and direct multiple 
impact, is rather low, primarily owing to the chaotic nature of the methods: much of the energy supplied to the material 
is converted into heat, which is at the expense of the energy available for breaking. An additional drawback is the rather 
considerable wear to which the comminution device with which this method is carried out is exposed. The process with 
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which the material is accelerated proceeds in a rather uncontrolled manner. Th grains leave the rotor blade at different 
take-off velocities and at varying take-off angles, with the result that the various grains from the stream of grains can 
strike the stationary armoured ring, which is disposed around the rotor blade, at varying velocities and at differing 
angles, while the knurled, stationary armoured ring in part interferes conskJeraljIy with the comminution process, which 

5 interference increases considerably as the projecting points of the armoured ring become worn. The stream described 
by the accelerated grains before they strike the said armoured ring is disrupted further by rebounding fragments (inter- 
ference). Impact against an autogeneous bed of the same material limits the wear but requires a relative high amount 
of energy and has a relative limited crushing efficiency. All the above has the result that the comminution process can- 
not always be controlled equally well, so that not all parts are broken uniformly. The comminution product okstained as 

10 a result frequently has a relatively great grain size distribution and spread in grain configuration, and may contain a rel- 
atively great proportion of undesirable fine parts. 

The object of the invention is therefore to provide a method, as described above, which does not exhibit these draw- 
backs, or at least does so to a lesser extent. This object is achieved by means of an essentially deterministic method 
for making material collide with the aki of a rotating impact member, comprising the steps: 

IS 

feeding the said stream of material (Sc) to the central feed of a gukJe member which rotates about the axis of rota- 
tion (O) of the said rotating system; 
- guiding the said fed stream {SJ of material from the said central feed, along the gukle face, to the delivery end of 
the said gukie member, which delivery end is situated at a greater radial distance from the said axis of rotation (O) 
?o than the sakl central feed, in such a manner that the said gukfed stream of material comes off the said guide mem- 
ber with at least a radial velocity component (v^) and is guided in an essentially deterministk: straight stream (R). 
}Nhen seen from a stationary viewpoint and in an essentially deterministic spiral stream (S), when seen from a 
viewpoint which moves together with the said guide member; 

using the said rotating impact member to hit the saki material which is moving in the said essentially deterministic 
25 spiral stream (S) and has not yet collided, which rotating impact member is provided with an impact face and 
rotates in the same direction, at the same angular velocity (Q) and about the same axis of rotation (O) as the said 
guide member, at a hit location (T) which is behind, when seen in the direction of rotation, the radial line on which 
is situated the location (W) where the said as yet uncollkJed stream of material leaves the said gukfe member, and 
at a greater radial distance from the said axis of rotation (O) than the location at which the said as yet uncollided 
30 stream of material leaves the said guide member, the position of which hit location (T) is determined by selecting 
the angle (0) t>etween the radial line on which is situated the location (W) where the said as yet uncollided stream 
of material leaves the said guide member and the radial line on which is situated the location where the stream (S) 
of the said as yet uncollided material and the path (C) of the said impact face intersect one another in such a man- 
ner that the amval of the sakJ as yet uncollkled stream (S) of material at the location where the said stream (S) and 
35 the sakl path (C) intersect one another is synchronized with the anrival at the same location of the said impact face. 

In the method according to the invention, the grains to be broken, as is usual, are metered onto a metering face, 
which is disposed on the centre of a rotor, and. under the effect of centrifugal forces, are accelerated with the aid of a 
rotating guide member and flung away outwards, i.e. launched" in the direction of an impact member which, at a 

to greater radial distance, rotates in the same direction, at the same angular velocity (Q) and about the same axis of rota- 
tion as the said guide member. The unit comprising rotating guide merrtber and rotating inrpact member is here referred 
to as the rotating system. The saW guide member is equipped with a central feed, a guide face and a delivery 
end. According to the method of the invention, each grain from the stream of material is launched in a predetermined 
fixed, controlled and unimpeded manner, i.e. in an essentially deterministic manner: i.e. from a predetermined take-off 

45 location (W). at a predetermined take-off angle (a) and at a take-off velocity (VabJ virfiich can be selected with the aid 
of the angular velocity (O). As a result, the stream which the grains then describe is also fixed. 

The movement executed by a grain in the process can, in effect simultaneously, be seen from both a stationary 
viewpoint and a viewpoint which moves together with the gukle member or the rotating impact member. Although the 
movement which fakes place in the same period of time is identical in txjth of these cases, the path described by the 

50 movement of the grain is extremely different when seen from the respective viewpoints. To understand the method of 
the invention, it is of essential import that the movement executed by the material between the guide member and the 
rotating impact member is simultaneously seen from both a stationary viewpoint and from a viewpoint which moves 
along therewith. 

55 - When seen from a stationary viewpoint, ttie grains, after they have been metered onto the rotor blade, move in a 
virtually straight, radially directed sfream outwards, towards the outer edge of the metering face, where the stream 
of material is taken up by the guide member and accelerated. When the stream of material comes off tiie delivery 
end of the gukie member, this stream moves along a virtually straight path and the velocity of the movement is vir- 
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tually constant. This velocity is equal to the take-off velocity (VatJ with which the grains leave the guide nnember. 
The direction of the straight stream is determined by the take-off angle (a), the grains in the plane of the rotation 
moving outwards, when seen from the aocis of rotation, and forwards, when seen In the direction off rotation. 
When seen from a viewpoint which moves together with the rotating impact member, the grains on the metering 

5 face describe an outwardly directed, short spiral stream, approximating to all Archimedes' spiral, and from the deliv- 

ery end they describe a long spiral stream. wNch is directed more radially outwards than the short spiral, the rela- 
tive velocity of the movement increasing, when seen from the rotating impact member, as the grain moves further 
away from the axis of rotation. At the moment at which the grain comes off the guide member, the relative velocity 
is lower than the take-off velocity (Vg^g), but it quickly exceeds the latter, whereupon the relative velocity along the 

10 spiral stream increases, and further on in the stream relative velocities can be reached which are a multiple of the 
take-off velocity (Vabs). The direction of the movement of the spiral stream, as for the straight stream, is determined 
by the take-off angle (a), the grains in the plane of the rotation moving outwards, when seen from the axis of rota- 
tion, and backwards, i.e. in the opposite direction to the straight stream, when seen in the direction of rotation. After 
the take-off velocity (v^bs) has been exceeded, the grains cover a greater relative distance along the spiral stream 

IS than along the straight stream, the difference in length increasing as the grains move further away from the axis of 
rotation. 

The function of the gukle member is thus to "launch" the grains in successbn, in such a manner that they are flung 
away in a defined stream, the "short" natural spiral stream which the grains describe on the metering face being con- 
20 verted, with the aid of the guide member, into a "longer" spiral stream which the grains describe between the guide 
member and the rotating innpact member, when seen from a viewpoint which moves together with the rotating impact 
member. 

According to the method off the invention, the accelerated granular material is not allowed to collide directly with a 
stationary or co-rotating armoured ring, armoured plate or bed of the same material which is disposed around the rotor, 

25 txit rather the grains are first hit in their spiral stream, after leaving the guide member, by the impact face of a rotating 
impact member, which impact face is disposed virtually transversely in the spiral stream which the grains describe after 
leaving the guide member. The rotating impact member is situated at a greater radial distance from the axis of rotation 
than the delivery end off the guide member, from where the grains are launched. Nevertheless, the impact member 
rotates in the same direction and at the same angular velocity (Q) and atx)ut the same axis of rotation as the guide 

30 member, which means that the absolute velocity in the peripheral direction of the said rotating impact member is greater 
than this corresponding velocity of the grains, when seen from a stationary viewpoint. The difference in the absolute 
velocity in the peripheral direction, i.e. the difference in absolute transverse velocities, between the grains and the rotat- 
ing impact member roughly provkles the impulse loading, under the effect of which the breaking process takes place. 
In addition, the grains still have a radially outwardly directed velocity component with respect to the rotating impact 

35 member, which radial velocity component is of essentia! importance to the accuracy with which the impacts of the grains 
against the collision face of the stationary impact member take place. 

It can be demonstrated that, in a rotating system, the path which a grain describes, from the moment at which the 
said grain comes off a guide face until the moment at which the said grain strikes an innpact face of a rotating impact 
member, is not affected by the angular velocity (n), or the take-off velocity (VabJ. when the following conditions are sat- 

40 isfted: 

the take-offf angle (a) of the said grain on leaving the sakJ guide member is independent of the saki angular velocity 

the take-off location (W) at which the said grain leaves the said guide member is likewise independent of the sakJ 
45 angular velocity (Q) ; 

the said take-off velocity (Vabs) of the said grain after leaving the said guide member, with regard to a viewpoint 
which moves together with the said rotating impact member, is proportional to the angular velocity (CI) of the said 
rotating impact member. 

so If these conditions are satisfied, then the route covered by the said grain between the said guide member and the 
said rotating impact member is constant. Since the said distance is constant, and since the said distance is the product 
of the constant velocity (VabJ and the time (t) elapsed, and the said velocity (v^bs) is proportional to the said angular 
velocity (Q), the said elapsed time (t) is inversely proportional to the said angular velocity (Q). Since the peripheral 
velocity (Vup) of the said rotating impact member is also proportional to the said angular velocity (Q), the route covered 

55 along the periphery, which the said rotating impact member describes, is not affected by the angular velocity (n) in the 
said elapsed time (t). This demonstrates that the route covered by both the said grain and the said rotating impact mem- 
ber is always constant in relation to the said angular velocity (O). 

This makes it possible to synchronize the movement executed by the rotating impact member with the movement 
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executed by the grain, so that, irrespective of the angular velocrty (O). the impact of the grain against the impact face of 
the rotating impact memt^er takes place at a predetermined synchronization location (T) and at a predetermined impact 
angle (P), the impact velocity (Vj^pacO being proportional to the angular velocity (O) and can thus be selected with the 
aid of the said angular velocity (O) without in so doing affecting the impact location (T) or the impact angle (P). 

5 For the sake of completeness, it should be noted that the friction between the grain and the guide face, which is 

given by the coefficient of friction (o). is affected slightly, although minimally, by the angular velocity (O). and as such 
slightly affects the take-off angle (a) and the take-off velocity (v^bs)- However, this effect is so minimal that it can be dis- * 
regarded here. However the friction as such has to be taken into account. 

In order to satisfy the abovementoned conditions, the grains therefore have to leave the guide member, irrespec- 

70 tive of the angular velocity (O). at the same location and at the same take-off angle (a), when seen from a stationary 
viewpoint, the take-off velocity (Vabs) niay only be affected by the angular velocity (O) and the movement of the grains 
along the stream may not k>e sut>stantially affected by the air resistance and air movement; i.e. both the way in which 
the grains leave the guide mennber and the stream which the grains then describe must be essentially deterministic. 
In theory, the grains can be guided (launched) in a deterministic manner in a deterministic stream of this kind for 

15 any take-off velocity (v^^ and at any take-off angle (a) between 0° and 90**: with an extremely short rotating impact 
face with a take-off angle (a) of approximately 0*" in a straight tangential stream, and with a spiral (Archimedes' spiral) 
guide member with a take-off angle (a) of approximately 90** in a straight radial stream, when seen from a stationary 
viewpoint. However, in reality the possibilities are limited, and certain conditions have to be met with regard to the take- 
off velocity (v^bs) and the take-off angle (a), while the effect of air movements has to be limited as far as possible. 

In order to bridge the relatively short distance between the guide member and the rotating impact member without 
the force of gravity and the air resistance significantiy affecting the movement of the grains, a take-off velocity (Vab^) 
of 10 to 15 meti-es per second is normally sufficient for grains with diameters of greater than 3 to 5 mm. At lower 
velocities, the movement of the grain Is increasingly affected by both the air resistance arwd the force of gravity, with 
25 the result tiiat the spiral paths described by the grains start to shift in an uncontrolled manner. For smaller diame- 
ters, tiie influence of the air resistance increases considerably, essentially irrespective of the velocity, and in order 
for the process to proceed in an essentially deterministic manner it is necessary to create a vacuum in the chantber 
between the guide member and the rotating impact memtjer. 

The effect of the air movements which are generated by the rotating guide member and the rotating impact merrtoer 

30 can be limited by setting in motion, at the same time as ttie grains, an air stream, which has virtually the same 
velocity as tiie grains, with the aid of tiie guide member along tiie spiral stream, so ttiat. as it were, a cylindrical disc 
(flying dish) of air is formed between the guide member and the rotating impact member, this air rotating in virtually 
the same direction, at virtually the same angular velocity (n) and about the same axis of rotation as the guide mem- 
ber and tiie rotating impact member. 

35 - In order to allow the separate grains from the stream of grains to come off the guide member from virtually the same 
location and at virtually tiie same take-off angle (a), in-espective of the angular velocity (Q). witii only the take-off 
velocity (v^bs) being affected by the angular velocity (fi), it is necessary for tiie grains to be taken up in a regular 
manner by the central feed of tiie guide member, making good contact with the guide face in the process, so that 
the grains are guided to the delivery end over a certain distance along the guide face, so that the radial and trans- 

w verse velocity components of tiie individual grains from tiie stream of material, at the moment at which they reach 
the delivery end and come off tiie guide member, are virtually constant. To achieve this, the lengtii of tiie guide face 
has to be selected such that the radial velocity component (Vf) at the location of the delivery end is at least 35% till 
55 % of the transverse velocity component (v^), i.e. so that the take-off angle (a) is greater than or equal to 20**. and 
preferably 30**. A shorter guide face leads not only to a shorter take-off angle (a), but is also the cause of tiie grains 

45 starting to come off the guide member at varying take-off velocities (v^bs) and at different take-off angles (a), and 
in the process even tiie location where the grains come off can shift. The shorter the guide is chosen to be, such 
that the take-off angle (a) becomes less than SO**, the more chaotic the process becomes. 

Thus, in order to realize the abovementioned conditions in practice, the said material has to be accelerated along 
so the said guide face in such a manner that, when the said material is taken from tiie said delivery end in a straight 
stream, the said take-off velocity (v^bs) is at least 10 metres per second, and preferably at least 15 metres per second, 
and the take-off angle (a) is at least 20°. and preferably at least 30°. when seen from a stationary viewpoint. The max- 
imum take-off angle (a) is normally limited in practice to 45°. so that the feasible range in which the grains can be guided 
in an essentially deterministic stream from the guide member to the rotating impact member irrespective of the angular 
55 velocity (H) lies between tiie take-off angles (a) of 30° and 45°. This places certain requirements on the guide member. 
After the granules have been metered onto the rotating metering face close to the axis of rotation, they move out- 
wards in a virtually racBal direction, when seen from a stationary viewpoint, and outwards in a spiral stream, when seen 
from a viewpoint which moves together with the face, which spiral movement normally approximates to an Archimedes' 
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spiral. 

The movement of the stream of material moving outwards, from the metering face, along the said spiral is inter- 
rupted by the guide member, which is normally arranged in the spiral at a distance from the axis of rotation. That part 
of the guide face of the guide member which intersects the stream of material is referred to as the central feed. This 
5 central feed forces the material stream to move in a more radial direction, with the resutt that the movement is acceler- 
ated. The length {1^) from the start point to the end point of the central feed is thus determined by the shape of the spiral 
stream of material, and as such is a function of the angular velocity (C^ at which the guide member is rotating, the radial 
velocity (vj of the material at the moment at which it touches the central feed and the- number of guides (ng). which 
radial length (l^) essentially satisfies the equation: 




All notations used in the text are summerized at page 74. 

15 The length (/J of the central feed therefore increases at lower angular velocities (O) and greater initial radial veloc- 
ities (Vq); the latter being a function primarily of the way in which the material is metered (height of drop) and the shape 
of the metering face. It is important that the length of the central feed, which, after all. is not completely effective for 
accelerating the material in the radial direction, is kept as short as possible. This is achieved by allowing the system to 
rotate at a sufficiently great angular velocity (Q) and keeping the initial radial velocity (Vg) as low as possible, i.e. as far 

20 as possible limiting the height of drop from which the stream of material is metered onto the metering face. Further- 
more, the shape of the central feed can be selected in such a manner that the stream of material is taken up as well as 
possible by the guide member; this matter will be dealt with later in the text. 

In order to promote a good feed of the metered material to the central feed, it is furthermore preferred to provide 
the grains with a preliminary guidance, in the direction of a central inlet of the guide member, from the said rotating face 

25 with the aid of a preliminary guide member, which extends from a central inlet in a direction opposite to the direction of 
rotation of the rotating face towards a discharge end. It is preferred here for the preliminary guidance of the said prelim- 
inary guide member as far as possible to approximate to the natural spiral movement i.e. Archimedes' spiral, which the 
said material describes at that location, or at least for the said central inlet and the said discharge end of the said pre- 
liminary guide member to lie on the natural movement spiral desaibed by the material; i.e. for the radial distance from 

30 the discharge end of the preliminary guide member to the axis of rotation to be approximately 10 to 15% greater than 
the corresponding radial distance to the central inlet of the preliminary guide member. 

From the central feed, the material is taken up by the guide face and moves outwards along the latter, under the 
effect of centrifugal force, during which movement the material is accelerated. As has been stated, it is important that 
in the process the material makes good contact with the guide face. The guide face has to be at least sufficiently long 

35 for the grains to leave the guide member from a delivery end always at the same take-off location (W) and always at the 
same take-off angle (a), irrespective of the angular velocity (n). A lower take-off velocity (v^bs) results in a higher impact 
velocity (Vi^pact). but the take-off velicity (Vabs) has to be at least 10 nVsec. The function of the guide member is thus to 
guide the grains at as low a velocity as possit)le in an essentially deterministic spiral stream. The aim is to achieve direc- 
tion, arxj not so much to achieve velocity. 

40 It is furthermore important that no more material Is added to the guide members than the amount which the latter 
are able to deal with in an essentially deterministic manner; I.e. that the grains come off the guide member essentially 
in succession (virtually one by one) and that the impacts are not disrupted by interference. This so-called essentially 
deterministic capacity is determined by the grain diameter and, of course, by the angular velocity (O) and the length of 
the guide face. The deterministic capacity decreases considerably for smaller grain diameters. This is balanced by the 

45 fact that it is possible, in the case of smaller grain diameters, to design the rotor blade with more guides, so that the 
essentially deterministic capacity of the rotor blade as a whole is not affected excessively 

Starting from a radially arranged guide face, the minimum length of the guide face which is required in order to 
make the grains come off the guide member In an essentially deterministic manner Is. for a resistance-free state given 
by the relationship between the radial distance from the axis of rotation to the central feed and the oorresporxling radial 

so distance to the delivery end. i.e. (rj/r^). which ratio essentially satisfies the equation: 

- = 7l -tan^a 
^1 

55 To achieve a take-off angle (a) of 30" the ratio rc/ri = - 25%. and for 20** the ratio rc/r^ = - 10%. In the event of a 
different coefficient of friction and In the event that the guide face is not arranged radially and is not straighrt, but rather 
is of curved design, the relationship between the said radial distances has to be adapted. In the event that the guide 
face is not arranged radially, or is curved, the relationship can also be calculated; however, this calculation is compli- 
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cated. but essentialiy satisfies the equation: 



5 



a = arctan 




All notations used in the text are summerized at page 74. 

If the delivery end is positioned towards the rear, when seen in the direction of rotation, a greater radial velocity 
component (v^) is generated by comparison with a radial arrangement of the guide face, while the transverse velocity 

10 component (vj decreases slightly, resulting in a greater take-off angle. (a). This makes it possible, while retaining the 
prescribed take-off angle (a), to make the radial distance from the delivery end to the axis of rotation shorter. Con- 
versely. If the delivery end is positioned towards the front, the opposite is the case. It is therefore possible to achieve the 
prescribed take-off angle (a) with a relatively short radial distance from the axis of rotation to the delivery end, making 
it possible to reduce the take-off velocity {^ai^. 

IS In the case of a radially arranged guide member, the central feed is directed virtually perpendicular to the short spi- 
ral stream which the mate^ial describes on the metering face. The movement of this stream, at the location of the central 
inlet, therefore has to form an angle of approximately 90*". which can lead to blockage, with the result that the f fow rate 
from the guide member is limited. It is therefore prefened to cun^e the central feed and to positfon it with tiie entry in line 
with the short spiral stream, as a result of which the material is taken up and guided to the guide face in a better and 
more natural manner. Since there is only a limited take-off velocity (Vgt^, of approximately 10 metres per secorxJ, the 
guide face can be designed with, a straight face which is directed obliquely backwards, when seen in the direction of 
rotation. From the guide face, tiie stream of material is guided towards the delivery end, from where the material is 
guided in an essentially deterministic, long spiral stream. The said delivery end may be bent backwards, when seen in 
the direction of rotation, so that the grains are guided, as it were, in a natural manner from a location on the said delivery 

25 end in the intended, essentially deterministic spiral stream, in the direction of the rotating impact member. An essen- 
tially S-shaped "grain pump" of this kind makes it possible to convert the movement of the stream of material in as nat- 
ural a manner as possible, and thus with minimum energy and wear, from a short spiral into an essentially deterministic - 
long spiral. 

The grains advancing in an essentially deterministic spiral stream are now hit for the first time, specifically by the 
30 impact face of the rotating Impact member, which impact is likewise essentially deterministic, specifically such that, ine- 
spective of the angular velocity (O). the hitting takes place at a predetermined hit location (T), at a predetemriined 
impact angle (p) and at an impact velocity (Vij^^pact) which can be specified and can be controlled with the aid of the 
angular velocity [CI). For tiiis purpose, the angle (e) between the radial line on which is situated the location at which 
the said as yet uncollided stream of material leaves the guide member and the radial line on which is situated the loca- 
35 tion at which the stream of the as yet uncollided material and the path of tiie said rotating Impact member intersect one 
anotiier has to be selected in such a manner that the arrival of the said as yet uncollided stream of material at the loca- 
tion at which the said stream and the said path intersect one anotiier is synchronized with tiie arrival at the same loca- 
tion of the rotating impact member. 

A plurality of guide members with associated impact members can be disposed around the axis of rotation. Since 
0 the synchronously running steps of accelerating and striking the material form essentially individual processes for each 
of the arrangements, these processes can be differentiated by changing the position of the guide member and/or tiie 
rotating impact memt^er for each arrangement, in which case the principle of differentiation is referred to. A differenti- 
ated arrangement of this kind makes it possible for the separate tweaking processes to take place simultaneously but 
at different collision velocities or impulse loading. As a result, a differentiated an-angement of the Impact members leads 
45 to the production of materials of differing fineness, with tiie result that the grain size distribution of the broken product 
can be controlled to a considerable extent. This can be achieved by varying only the radial distances to the various loca- 
tions where the grains leave the guide member amongst themselves or. and this is the preferred option, by arranging 
the rotating impact menrber at a different location, or at a different distance from the axis of rotation, in tiie spiral stream 
described by the grains, 

so Futhermore It Is possible to vary the amount of material which is fed to the various guide members. The guide mem- 
bers as it were divide the rotor blade into feed segments. Normally, the guides are arranged at regular intervals and at 
the same radial distances from the axis of rotation. In this case, the feed segments are of equal sizes and the stream 
of material is distritxjted uniformly over tiie guide members. However, it is also possible to make the size of the feed 
segments different. This is known as tiie principle of segmentation. An irregular segmentation of tills kind may. for 

55 example, be achieved by ananging the start points of the central feed ends of tiie guide memk)ers at different radial dis- 
tances from tiie axis of rotation. The guide members which are disposed with tiie central feed closer to the axis of rota- 
tion now take up more material than the guide members whose central feed Is further aw«y from the axis of rotation. 
Such segmentation of the material makes it possible to regulate furtiier the amounts of material which are broken into 



15 



SOOCID: <E P_0835e90A 1 _!_> 



EP0 835 690 A1 



fine and coarse particles. Naturally, segmentation Is also possible with the aid of the preliminary guide members. 

To obtain the desired result, i.e. the desired collision between grains arxl the rotating impact member, the angle (6) 
between the radial line on which is situated the location where the material leaves the guide member and the radial line 
on which is situated the location where the material is hit by the impact face, with the aid of the rotating impact member. 
5 must essential ly satisfy the equation : 

e^arctanf P^^^ )>p^ 
V p sin a + r 1 / ^ f r 

10 in which: 

, Vgbscosa r ~ ] 

f=-^ p=r,{J-,-cos a-s.na} 

IS 

All notations used in the text are summerized at page 74. 

It is necessary here to take into account the grain diameter. The further the grain diameter increases, the longer 
the grain makes contact with the guide face at the location of the delivery end, resulting in a greater transverse and. in 
particular, radial velocity component, and consequently a greater take-off angle (a) and a greater take-off velocity (Vgbs) 

20 The influence is in any case limited, but is the cause of a natural shift, which is per se deterministic, of the spiral stream 
for larger and smaller grains. The radial distance to that location at which the material leaves the guide member (r^) is 
therefore calculated as the sum of the corresponding radial distance to the delivery end of the guide member, increased 
by half the diameter of the grains from the material. 

Since the angle (0) has an unambiguous relationship with the radial distance (r) from the axis of rotation to the hit 

25 location (T). it is in fact possible to dispose the impact face at precisely the correct location, i.e. in a synchronized man- 
ner. 

In order to achieve an effective collision between particle and the impact face of the rotating impact member, it is 
prefen-ed for the angle (0) to be greater than 10*; preferably greater than 20** to 30**. The maximum angle (6) is essen- 
tially limited only in practical terms, but may even be greater than 360*". 

30 In the calculation, a resistance-free state is assumed. In reality, the movement of the grains is in actual fact subject 
to. inter alia, friction against components of the rotor and to the air resistance. The same applies to the force of gravity. 
In this calculation, a role is played by the grain diameter, the grain configuration and the self-rotation of the grains. 
These parameters have a certain influence on the stream, although without changing the nature of the movement sig- 
nificantly. However, this influence is generally limited for the limited distance between the guide member and the rotating 

35 impact member, which is covered at high speed by the grains, and thus in a very short period of time (normally 30-60 
ms), although the influence cannot be ignored altogether Furthermore, we have to deal with the influence of air move- 
ments which are caused by the rotation of the system. These may be limited by forming a type of rotating (flying) dish 
of air in the space between the guide member and the rotating impact member, so that the air rotates together with the 
guide members and the impact members. 

40 Different grains from one stream of material can therefore describe different paths next to one another, owing to a 
natural, but essentially deterministic shift, with the result that the grains do not ail hit precisely the same location on the 
rotating inrpact member. Although the effect is normally limited, it Is necessary in practice, when positioning, dimension- 
ing and selecting the rotating impact member, to take into account the fact that the impacts can to some extent spread 
over a certain region on the impact face because of natural effects. As we shall see later, this is in itself beneficial, since 

45 the wear is thus also spread along the impact face. 

As well as the hit location, it is also possible to specify the angle (p) at which the grains hit the impact face of the 
rotating impact member in a fairly accurate manner. At the location where the said as yet uncolHded material hits the 
said impact face, the said impact face, together with the line which is directed perpendicular to the radial line on which 
is situated the location at which the said material leaves the said guide member, forms an impact angle (p*), when seen 

50 in the plane of the rotation and when seen from a viewpoint which moves together with the said rotating impact member, 
which angle essentially satisfies the equation: 



55 



p* s arctan 
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in which: 

_^ f pcosa 1 , v^bsCOSa 

\ psina + r^ J v^^ ^ 

All notations used rn the text are summerized at page 74. 

Wrth the aid of the angle It Is in fact possit>le to cun/e and anange the impact face in such a manner that differ- 
ent grains from the stream of material ail strike the impact face of the rotating impact member at an angle which is as 
far as possit)le identical, which impact angle (p) preferably lies betwe^ 75*" and 85*". 

15 In order as far as possible to limit the wear to the said impact face of the said rotating impact merrtoer, it is neces- 
sary to prevent the said material from moving outwards along the said impact face after inpact; i.e. to prefent the said 
impact face starting to function as a 'guide acceleration member" in addition to as in "impact acceleration member". 
This leads, at the relatively great radial distance from the axis of rotation on which the said rotating impact member is 
disposed and the associated high peripheral speed at that location, to an extremely high level of wear along the outer 

V edge of the said rotating impact member; which guide acceleration and guide wear do not contritxjte significantly to an 
improved progression of the comminution process. By directing the said impact face slightly (a few degrees) inwards, 
when seen in the plane of the rotation, at an angle (p**). with respect to the position directed perpendicular to the said 
spiral stream of the said material, and directing the said impact face slightly (a few degrees) downwards, in the plane 
directed perpendicular to the plane of the rotation, at an angle (p"'), the said material can be guided downwards, as far 

25 as possible perpendicularly along the impact face, after impact provided it does not rebound, where it comes off along 
the edge of the said impact face of the rotating impact member: in which case there is no significant centrifugal accel- 
eration, so that the wear on the guide remains limited to a minimum and interference is prevented, since the impact face 
Is immediately free for the impact of the said following material. The calculated angle (PO in fact makes an arrangement 
of this kind possible. 

30 The precise velocity at which the grains hit the impact face of the rotating impact member, i.e. the actual impact 
velocity (Vj^ipact). 'S a function of, on the one hand, the radial distance from the axis of rotation to the central feed end 
of the guide member, the corresponding radial distance to the location from which the grains leave the guide member 
and the location at which the grains hit the impact face and. on the other hand, the angular velocity (n) of the guide 
memt^er and of the rotating impact member, and essentially satisfies the equation: 

35 

In which: 

ft - f cos <P 1 2 ^ r ^ abs COS g . p + Tjjina 
^=|psina + r,| ^ abs^ i cos a - — r^v^^ 



<p = arctan{ R<^<^ 1 f = 

\ psina + r^ J v^jp 



P = r^|J-?-^ -cos^a-sin a| r= ^r, ^ + 2r^ psina + p^ v,jp = nr, 

All notations used in the text are summerized at page 74. 

It is therefore possik^le. for a defined angular velocity (Q), successively to select the radial distance from the axis of 
rotation to the central feed end of the guide member, the radial distance from the axis of rotation to the location where 
55 the as yet uncollided grains leave the guide merrtoer. and the radial distance from the axis of rotation to the location 
where the as yet uncollided grains are hit for the first time by the rotating impact manner, such that the as yet uncollided 
grains are hit for the first time by the rotating impact mentoer at a prescribed impact velocity (Vj^ct) 

It is also possible for a guide member with a defined radial distance from the axis of rotation to the central feed end 
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of the guide member, a defined radial distance from the axis of rotation to the location where the as yet uncollided grains 
leave the guide member, and a defined radial distance from the axis of rotation to the location where the as yet unooi* 
lided grains are hit for the first time by the rotating impact member, to select the angular velocity (H) such that the grains 
are hit for the first time by the rotating impact member at a prescribed impact velocity (Vif^pacO- 

5 As has been stated, the high level of determinism of the method of the Invention for making material collide has the 

consequence that the impacts against the said impact face of the said rotating impact member can take place in a rel- 
atively concentrated manner. This may be the cause of problems. If the impacts against the impact face of the breaking 
member take place in an excessively concentrated manner, this may lead to a non-uniform wear pattern along this face, 
with the result that the breaking process can be disturbed significantly However, as explained above, there is normally 

10 a natural, although limited, spread and shift of the deterministic spiral paths which the separate grains of the said mate- 
rial run through; for example due to the fact that grains with a large grain diameter make contact for a longer period with 
the guide member than grains with smaller diameters, and thus leave the delivery end at a slightly different takeoff 
angle (a) and take-off velocity (v^i^. Furthermore, the air resistance, the air movements and even the force of gravity 
will to some extent affect the movement of the separate grains. In addition to the grain diameter, the shape of the grain, 

15 the grain configuration and the self-rotation of the grain also have an effect here. As will be dealt with later in the text, 
the spiral movement will also shift to a certain extent as a result of wear along the said guide face and along the said 
impact face. Thus there is normally a natural, outwardly widening spiral burxile of paths, which is otherwise still essen- 
tially deterministic. 

However, it may also prove necessary to take measures to ensure that the impacts spread out to a greater extent 

20 across the impact face. An artificial shift of the location, i.e. the limited area where the said material from the said spiral 
stream hits the said impact face, rr^y be of essential import; in particular when the natural spread is limited and when 
the grains become very pulverized during the first impact and the fragments are not removed from the location of the 
said impact quickly enough (this occurs in particular in the event of the impact of very tough material), with the result 
that the intensity of the following impacts is limited (damped), in which case interference is involved. A regular shift of 

25 this kind can be achieved by allowing the position of the delivery end of the guide member to move slightly, when seen 
from a viewpoint which moves together with the rotating inpact memt>er. A relatively small movement of the delivery 
end. as stated above, quickly leads to a greater displacement further on in the spiral stream. The delivery end can be 
moved in a relatively sinple manner by arranging the guide member pivotably along the edge of the rotating face, in 
such a manner that the delivery end. in the plane of the rotation, executes a slight reciprocating movement along the 

30 circumference which the delivery end describes, when seen from a viewpoint which moves together with the rotating 
impact member; the invention provides for this possibility. 

On the other hand, it may happen that the spiral streams along which the grains are guided to the rotating impact 
member become somewhat excessively spread, with the result that some grains from the stream of material hit the 
impact face on the edge or fly right past it. The method of the invention therefore provides the option of a subsequent 

35 guide member which can be disposed, between the guide member and the rotating impact member, along a section of 
the intended spiral stream; preferably along the outside, when seen from the axis of rotation. It is in any case possible 
actively to involve the subsequent guide member in providing subsequent guidance for the grains, by allowing the sub- 
sequent guide face of the subsequent guide member to intersect slightly the spiral stream of the grains. 

Owing to wear on the guide face, and in particular on the delivery end. of the guide member, the spiral stream 4Pj 

40 between the guide member and the rotating impact member shifts gradually backwards, when seen in the direction of 
rotation, with the result that the location of the impact on the impact face of the rotating impact member also shifts. It is 
necessary to prevent the delivery end being able to become worn to such an extent that the impact face Is no longer hit 
by all the grains from the stream of material. It is possible to adapt the wear along the guide member and on the rotating 
impact member, i.e. to integrate this wear, in such a manner that in the event of wear to the guide member the rotating 

45 impact member always lies in the spiral stream of the said material. This Is known as the principle of integration, 
although this principle cannot be summarized by a formula; however, it can be simulated using a computer. Together 
with practical observations, this makes it possible to mutually adapt the design and the geometry of the guide member 
and the rotating impact member to the sNft backwards, when seen in the direction of rotation, of the said spiral stream 
through which the said material runs between the said guide member and the said rotating Impact member, when seen 

so from a viewpoint which moves together with the said rotating impact member, which shift arises as a result of wear to 
the said guide face and in particular to the said delivery end, and specifically to adapt them such that, in the event of 
wear to the said guide member, the said impact face always lies in the said spiral stream of the said material. 

As has been stated, the impact of a grain from the steam of material against the impact face of the rotating impact 
memb)er can be impeded by other grains or fragments which are formed from these grains during the impact. This 

55 occurs in particular if grains are pulverized during the impact, in which case the very fine particles, in p)articular if they 
are moist, may adhere to the rotating impact face. As indicated earlier, this can be partially prevented by disposing the 
rotating impact face at an oblique angle inwards and downwards, with respect to the impacting stream of material. The 
method of the invention furthermore provides the possit^lity of guiding a jet of air. in the vertical direction from the top 
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downwards, at great speed against the rotating impact face, with the result that the impact face is continuously blown 
clean. The jet of air can be generated with the aid of the rotating movement of the rotating impact member, by disposing 
a partition or pipe, directed obliquely downwards, along the top of the edge of the rotating impact member. 

In contrast to the known method, in which the material is flung from the guide member directly against a stationary 

5 impact member, essentially no velocity remaining after the stationary inpact, the said material leaves (rebounds from) 
the rotating impact member after the impact with a rebound or residual velocity (Vresiduai) which is at least as great as 
the peripheral velocity (tip velocity (Vtip)) of the rotating impact member, which velocity, depending on the coefficient of 
restitution, is frequently greater (5 - 15%) than the impact velocity (V^p^^t) "T^'s residual velocity (Vreskiuai) can be fur- 
ther utilized by allowing the material then to strike the collision face of a stationary impact member, whicfi collision face 

10 is disposed in the straight stream which the material describes after it has struck the rotating impact member and come 
off the latter, when seen from a stationary viewpoint. 

The stationary impact member can be formed by at least one collision face. The stationary impact member can be 
made with a collision face of hard metal, which collision face is directed virtually transversely to the straight stream 
which the said material which has collided once describes when it comes off the said rotating impact member, when 

15 seen from a stationary viewpoint. The stationary impact member can also be formed by a collision face, which is formed 
by a bed of tiie same material, which collision face is directed at the straight stream which the said material which has 
collided once describes when it comes off the said rotating impact member, when seen from a stationary viewpoint. 

The collision face of the stationary impact member can be designed in such a manner that the separate grains 
impact at an angle which is as uniform as possible. For this purpose, the said collision face has to be curved and 

?o arranged in such a manner that tiie impacts, when seen from the plane of the rotation, take place as far as possible 
perpendicularly: and when seen from a plane perpendicular to the plane of the rotation, at an angle which is optimum 
for the loading of the material, normally lying between 75* and 85*». and preferably between 80* and 85". This is possible 
both for a collision face made of hard metal and for a collision face which is formed by a bed of the same material. 

The fact that the said impacts take place regularly, immediately in succession and at an angle which is as optimum - 

25 as possible leads to a very great loading intensity on the grains and a correspondingly high breaking probability, while ^ 
the wear is limited as far as possible. 

A second impact against a collision face made of the same material allows a very intensitive autogenous 
(after)treatment of the said material which has collided once. Compared to known systems, in which the grains are 
introduced into the autogenous bed in the plane of tfie rotation, i.e. virtijally horizontally the metiiod according to ttie 

30 invention has the advantage that the material can be guided from the said impact face which is also moving, at relatively 
great speed, into tiie said autogenous bed, obliquely from above, tfius considerably enhancing the intensity of the 
autogenous treatment Furthermore, it is possible to arrange the collision face in such a manner that an autogenous 
bed of the same material is built up, arranged virtually transversely in the sti*aight stream of granules, tiius enhancing 
the autogenous intensity still further. However the impact face of the autogeneous bed can also be positioned in such 

35 a way that the grains are intioduced virtually or horizontally or oWuiquely form below; which can be the prefered way. 
depending on the aushing behaviour of the material. 

The method of the invention thus makes it possible to bring granular material from a predetermined location on tfie 
guide member, at a predetermined take-off angle (a > 30*) and at a relatively low take-off velocity (Vg^ (> 10 meti-es 
per second) into a deterministic spiral stream and then to allow the said material to strike at great speed against an 

w impact face, disposed ti-ansverseiy further on in the spiral sti^eam, of a rotating impact member, which rotates in the 
same direction, at the same angular velocity (O) and about the same axis of rotation as the gukJe member. The impact 
face of the said rotating impact memljer can be positioned in such a manner that the impact takes place at a predeter- 
mined hit location (T). at a predetermined impact angle (p), at a predetermined impact velocity (S/mpacd* which impact 
velocity (Vj^pact) can be selected accurately, within very wide limits, with the aid of the rotational speed (n), without the 

45 location of impact and tfie angle at which the impact takes place being affected. This high residual velocity (VroskJuai) 
which the grains still possess after tiiey come off the rotating impact member, i.e. approximately half of the comminution 
energy, can be utilized further for a second impact of the material against a stationary collision face or a bed of the same 
material. 

In the method according to tiie invention, the material is thus accelerated in two steps, short guidance followed by 
so impact while moving along, while the said material is simultaneously loaded in two, immediately successive steps, co- 
rotating impact immediately followed by stationary impact, tiie second impact taking place at an collision velocity (y^^. 
siduai) which is at least as great as ttie velocity at which the first impact (Vj^p^ct) takes place. Both the two acceleration 
steps and the two loading steps, which overlap one another, proceed in an essentially deterministic nr«nner. with the 
result that as little energy as possible is lost, the wear remains limited and the loacfing intensity is very great and regular. 
55 The method of the invention thus leads to a very great, and essentially deterministic, collision intensity witti a relatively 
low power consumption and a relatively low level of wear. 

The method of the invention makes possible a device for breaking granular matericd. connprising: 
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at least one rotor which can rotate around a central, vertical axis of rotation (O) arxj is prcviclecl with a shaft; 
at least one guide member, which is supported by the said rotor and is provided with a central feed, a guide face 
and a delivery end. for respectively feeding, guiding, accelerating and delivering the said stream of material which, 
in a region dose to the said axis of rotation (O), is metered onto the said rotor, which guide member extends in the 

5 direction of the external edge of the said rotor; 

at least one rotatable impact member, which is associated with the said guide member and can rotate around the 
said axis of rotation (O). which rotatable impact member is equipped with an impact face which lies entirely behind, 
when seen in the direction of rotation, the radial line on which is situated the location (W) at which the said as yet 
uncollided stream of materia! leaves the said guide member and at a greater radial distance from the said axis of 

10 rotation (O) than the location (W) at which the said as yet uncollided stream of material leaves the said guide mem- 
ber, the position of which impact face is determined by selecting the angle (0) between the radial line on which is 
situated the location (W) at which the said as yet uncollided stream of material leaves the said guide member and 
the radial line oil which is situated the location at which the said essentially deterministic stream (S) of the said as 
yet uncollided stream of material and the path (C) of the said impact face intersect one another, in such a manner 

15 that the arrival of the said as yet uncollided material at the location where the said stream (S) and the said path (C) 
intersect one another is synchronized with the arrival at the same location of the said impact face, which impact 
face is directed virtually transversely, when seen in the plane of the rotation, to the spiral stream (S) which the said 
as yet uncollided material describes, when seen from a viewpoint which moves together with the said rotatable 
impact member. 

20 

The forgoing and other ok^ecttves, features and advantages of the present invention will be more readily under- 
stood upon consideration of the following detailed description of the invention taken in conjunction with the accompa- 
nying schematic drawings. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Rgure 1 diagrammatically shows, in steps, the progress o1 the method of the invention. 

Rgure 2 diagrammatically shows a top view with a diagrammatic curve of the movement of the material according 
to the method of the invention, when seen from a stationary viewpoint. 
30 Figure 3 diagrammatically shows a top view with a diagrammatic curve of the movement of the material according 
to the method of the invention, when seen from a moving viewpoint. 

Figure 4 diagrammatically shows the transition from the short spiral to the long spiral for increasing length of the 
guide member. 

Rgure 5 diagrammatically shows a top view with a diagrammatic curve of the movement of the material according 
35 to the method of the invention, when seen from a stationary and a moving viewpoint. 

Rgure 6 diagrammatically shows the synchronization of the stream of material and the path which the rotating 
impact member describes. 

Figure 7 diagrammatically shows a straight guide member with central feed, guide face and delivery end. 
Rgure 8 diagrammatically shows a bent guide memt>er with central feed, guide face and delivery end. 
40 Figure 9 diagrammatically shows the spiral movement which the material describes on the rotor and the transition 
of this spiral movement to a radial movement. 

Rgure 1 0 diagrammatically shows the way in which the material from the rotor is taken up by the central feed. 
Figure 1 1 diagrammatically shows a nxTvement along an Archimedes' spiral. 
Figure 1 2 diagrammatically shows a method of calculating the length of the central feed. 
45 Rgure 13 diagrammatically shows the spiral stream which the material describes on the rotor at a relatively low 
angular velocity. 

Rgure 14 diagrammatically shows the spiral stream which the material describes on the rotor at a relatively high 
angular velocity. 

Figure 1 5 diagrammatically shows a metering means, with which the height of drop of the material onto the rotor 
so can be limited. 

Rgure 16 diagrammatically shows the effect of the length of the guide member on the way in which the stream of 
material comes off the guide member. 

Figure 1 7 diagrammatically shows the theoretical relationship between the radial length to the central feed and the 
delivery end of the guide member as a function of the take-off angle for a radially disposed guide face. 
55 Rgure 1 8 diagrammatically shows the theoretical relationship between the radial length to the central feed and the 
delivery end of the guide member as a function of the take-off angle for a bent guide face. 

Figure 19 diagrammatically shows the graph of the relationship between the radial length to the central feed arxl 
the delivery end of the guide member as a function of the take-off angle for a radially disposed and bent guide face. 
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Rgure 20 diagrammatically shows the effect of the friction on the spiral nxivement descnbed by the niaterial after 
it comes off the guide ment)er. 

Figure 21 diagrammatically shows a rotor with S-shaped guide members. 

Rgure 22 diagrammatically shews a rotor which is eqiipped with preliminary guide members. 
5 Rgure 23 diagrammatically shows the velocities of the movement which the stream of material develops when it 
comes off the guide member, when seen from a stationary viewpoint 

Rgure 24 diagrammatically shows the velocities of the movement which the stream of material develops when it 
comes off the guide member, when seen from a viewpoint moving along. 

Rgure 25 diagrammatically shows the method of calculating the instantaneous angle (6). 
10 Rgure 26 diagrammatically shows the velocities which ^e stream of material develops after it comes off the guide 
member, along the spiral path. 

Rgure 27 diagrammatically shows the method of calculating the velocity (Vimpact) at which the material hits the 
rotating impact member. 

Rgure 28 diagrammatically shows the relative velocities which the stream of material develops along the spiral 
15 stream. 

Rgure 29 diagrammatically shows the method of calculating the angle (p*) at which the stream of material strikes 
the rotating impact member. 

Rgure 30 diagrammatically shows the behaviour of the stream of material after it has struck the rotating impact 
member. 

50 Rgure 31 diagrammatically shows the angle (p**) at which the impact face of the rotating impact merrdser can be 
arranged in the vertical plarie. 

Rgure 32 diagrammatically shows the angle (p'") at which the impact face of the rotating impact member can be 
arrar^ed in the horizontal plane. 

Rgure 33 diagrammatically shows a top view of an air-guidance member. 
25 Rgure 34 diagrammatically shows a side view of an air-guidance member. 
Rgure 35 diagrammatically shows a front view of an air-guidance member. 

Rgure 36 diagrammatically shows the effect of the grain dimension on the spiral movement which the material 
describes when it comes off the guide member. 

Rgure 37 diagrammatically shows a self-rotating grain. 
30 Rgure 38 diagrammatically shows rolling friction of a grain along the guide faca 
Rgure 39 diagrammatically shows sliding friction of a grain along the guide face. 

Rgure 40 diagrammatically shows the effect of the shape of the grain on the sliding friction along tiie guide face.. 
Rgure 41 diagrammatically shows the effect of the shape of the grain on the sliding friction along the guide face. 
Rgure 42 diagrammatically shows the spiral bundle of patiis which tiie stream of material describes after it comes 
35 off the guide member. 

Rgure 43 diagrammatically shows a guide menrtber with a guide face. 

Rgure 44 diagrammatically shows a guide member with a guide face which has become worn. 
Rgure 45 diagrammatically shows a top view of a rotor which is equipped with single subsequent guide members. 
Rgure 46 diagrammatically shows a top view of a rotor which is equipped with dout^le sut^sequent guide members. 
40 Rgure 47 diagrammatically shows a longitudinal wear pattern along the guide number. 

Rgure 48 diagrammatically shows a guide menft>er with a longitudinal layered structure. 

Rgure 49 diagrammatically shows a top view of a rotor which is equipped with pivoting guide merTt}er5. 

Rgure 50 diagrammatically shows a pivoting guide memt^r. 

Rgure 51 diagrammatically shows a model for calculating the rebound behaviour of grains after they have sfa-uck 
45 the impact face of the rotating impact member. 

Rgure 52 diagrammatically shows a perspective view of part of tiie system. 

Rgure 53 diagrammatically shows a top view with a diagrammatic movement curve of the grains after they come 
off the rotating impact meml^er. 

Rgure 54 diagrammatically shows a section on A-A of Rgure 53. 
so Rgure 55 diagrammatically shows a second top view with a cfiagrammatic movement curve of the grains after they 
come off the rotating impact member. 

Rgure 56 diagrammatically shows the parameters for designing a device according to the method of the invention. 

Rgure 57 diagrammatically shows a top view of the movements which the sti-eam of material executes on a rotor 
with uniformly arranged rotating impact memt>ers. 
55 Rgure 58 diagrammatically shows a top view of the movements which the stream of material executes on a rotor 
with rotating impact members arranged in a differentiated manner. 

Rgure 59 diagrammatically shows the effect of the impact velocity on the grain sizedistritxition of a broken product 
from a rotor witii uniformly arranged rotating impact members. 
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Figure 60 diagrammatically shows the effect of the impact velocity on the grain sizedistribution of a broken product 
from a rotor with rotating impact members arranged in a differentiated manner. 

Figure 61 diagrammatically shows the movement of the material along guide members which are arranged with 
the central feed at identical radial distances from the axis of rotation. 
5 Rgure 62 diagrammatically shows the movement of the material along guide members which are arranged with 

the central feed at non-identical radial distances from the axis of rotation. 

Figure 63 diagrammatically shows the integrated wear behaviour of the guide member and the impact member. 

Figure 64 diagrammatically shows the further progress of integrated wear behaviour of the guide member and the 
impact member in accordance with Figure 63. 
10 Figure 65 diagrammatically shows the further progress of integrated wear behaviour of the guide member and the 
Impact member in accordance with Rgure 64. 

Rgure 66 diagrammatically shows a cross-section on 11-11 of a first embodiment, according to the method of the 
invention, for a device for breaking granular material, from Rgure 67. 

Figure 67 diagrammatically shows a longitudinal section on l-l of a first emtxxliment, according to the method of 
15 the invention, for a device for breaking granular material, from Figure 66. 

Rgure 68 diagrammatically shows a cross-section on IV-IV of a second embodiment, according to the method of 
the invention, for a device for breaking material, from Rgure 69. 

Figure 69 diagrammatically shows a longitudinal section on Ill-Ill of a second emtxxSment, according to the 
method of the invention, for a device for breaking material, from Rgure 68. 
20 Figure 70 diagrammatically shows a cross-section on VI-VI of a third embodiment according to the method of the 
invention, for a device for breaking granular material, and at the same time working the shape of the grain of the broken 
product, from Rgure 71 . 

Figure 71 diagrammatically shows a longitudinal section on V-V of a third embodiment according to the method of 
the invention, for a device for breaking granular material, and at the same time working the shape of the grain of the 
25 broken product from Figure 70. 

Rgure 72 diagrammatically shows a cross-section on VMI-VIII of a fourth embodiment, according to the method of 
the invention, for a device for colliding granular material, from Rgure 73. 

Figure 73 diagrammatically shows a longitudinal section on VII-VII of a fourth embodiment, according to the 
method of the invention, for a device for colliding granular material, from Rgure 72. 
30 Rgure 74 diagrammatically shows a cross-section on X-X of a fifht embodiment, according to the method of the 
invention, of a rotor which is provided with a preliminary guide member and a subsequent gukJe member, from Rgure 
75. 

Figure 75 diagrammatically shows a longitudinal section on IX-IX of a fifth embodiment, according to the method 
of the invention, of a rotor which is provided with a preliminary guide member and a subsequent guide member, from 
35 Rgure 74. 

Rgure 76 diagrammatically shows a cross-section on XII-XII of a sixth embodiment, according to the method of the 
invention, of a rotor in which the gukie members can be arranged at different radial distances from the axis of rotation 
(O), from Figure 77. 

Figure 77 diagrammatically shows a longitudinal section on XI-XI of a sixht emtxxJiment, according to the method 
40 of the invention, of a rotor in which the guide members can be anranged at different radial distances from the axis of 
rotation (O), from Figure 76. 

Figure 78 diagrammatically shows a cross-section on XIV-XIV of a seventh embodiment, according to the method 
of the invention, in which the guide members are suspended in a pivoting manner, from Rgure 79. 

Rgure 79 diagrammatically shows a longitudinal section on XIII-XIII of a seventh embodiment, according to the 
45 method of the invention, in which the guide members are suspended in a pivoting manner, from Rgure 78. 

Figure 80 diagrammatically sho¥vs a cross-section on XVI-XVI off an eight embodiment, according to the method 
of the invention, of a rotor, which is designed with an S-shaped guide member, a jet of air being guided along the impact 
face, from Figure 81 . 

Figure 81 diagrammatically shows a longitudinal section on XV-XV of an eight embodiment, according to the 
50 method of the invention, of a rotor, which is equipped with an S-shaped guide member, a jet of air being guided along 
the impact face, from Figure 80. 

Figure 82 diagrammatically shows a cross-section on XVIII-XVIII of a ninth embodiment, according to the method 
of the invention, of a rotor, from Rgure 83. 

Rgure 83 diagrammatically shows a longitudinal section on XVII-XVII of a ninth embodiment according to the 
55 method of the invention, of a rotor, from Rgure 82. 
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DETAILED DESCRIPTION OF THE INVENTION 

All notations used in the text are summerized at page 74. 

Rgure 1 shows in steps the progress of the method of the invention: the material is metered in a rotating system 

5 onto a rotor and. from there, is fed. optionally with the aid of a preliminary guide member, to the central feed of a guide 
member rotating about a vertical axis of rotation (O). whereupon the material is brought up to speed along the guide 
face of the said guide member and. above all. is guided in the desired direction, so that the stream of material from the 
delivery end of the said guide member comes off from a predetermined take-off location (W) at a predetermined take- 
off angle (a) and at a take-off velocity (Vq^s) which is defined by the angular velocity (CI) and is thus predetermined, and 

10 is brought into an essentially deterministic spiral stream, when seen from a viewpoint which moves along, in an atnrx>s- 
pheric environment at normal temperature or in an partially vaccum environment at normal or lower temperatures, 
which spiral movement is synchronized with the movement of a rotating impact member, which is situated at a greater 
radial distance from the axis of rotation (O) than the said delivery end, in such a manner that the said stream of material 
strikes the impact face of the said rotating impact member at a predetermined hit location (T), at a predetermined 

15 impact angle and at an impact velocity (Vjf,pact) which can be selected with the aid of the angular velocity (Q) and is 
thus predetermined, whereupon, after the said stream of material has collided for the first time and comes off the said 
impact face, the stream of material is guided at the residual velocity, which is at least as great as the impact velocity 
(^impact)' a straight stream (R). when seen from a stationary viewpoint and the stream of material, immediately after 
the first impact and at an essentially predetermined collision velocity (Voomsion). at an essentiatly predetermiried colli- 
slon angle, strikes the collision face of a stationary impact member which is disposed in the said straight stream (R). 
which collision face may consist of a metal face or is formed t>y a bed of the same material. A number of specific addi- 
tional possibilities are indicated, as are a number of factors which affect the separate steps in the process. 

Figure 2diagrammaticalty illustrates, for the resistance-free state, the movement which the grain executes in the 
rotating system, when seen from a stationary viewpoint. On the rotor (2). the grain, since it makes only limited contact 

25 witii the metering face (3). which in this case is rotating, moves in a virtually radial stream (R,) in the direction of the 
edge (26) of tiie metering face (3). where the grain is taken up by the antral feed (9) of the guide member (8). and is 
guided in a spiral (logarithmic) movement (RJ along the guide face (10). the grain being accelerated and moved in the 
desired direction, whereupon tiie grain is moved in a straight stream (R) from tiie delivery end (1 1) of the guide member 
(8). at a take-off velocity (Vabs) At tiie moment at which the grain comes off tiie guide member (8). a transverse velocity 

30 component (vj and a radial velocity component (vj are active, the radial velocity component (v^) being decisive for tiie 
direction of the movement; i.e. it is decisive for the take-off angle (a). The grain moves further, when seen from a sta- 
tionary viewpoint, at a constant vek>city (v^bs) along the said straight stream (R), in the direction of tiie rotating impact 
member (14). 

Rgure 3 diagrammatically illustrates, for the resistance-free state, the relative movement of the graia when seen 
35 from a viewpoint which nx>ves along. As can be seen, the grain on the metering face (3) moves in a spiral stream (Sr). 
which approximates to the Archimedes' spiral, towards the edge (26) of the metering face (3). where it is taken up by 
the central feed (9) of the guide memkjer (8) and is accelerated and directed along tiie guide face (10). in this case in 
the radial direction (SJ, whereupon the grain is moved from tiie delivery end {1 1) in a spiral stream (S), the direction of 
which spiral stream (S). at the moment the material moves of the delivery end (1 1). is a continuation of the stream (Sc) 
to which the grain describes along the guide merrtoer (8). along which spiral stream (8) tiie grain is guided towards tiie 
rotating impact member (14) in a direction which Is essentially opposite to that of the straight stream (R), the direction 
of the spiral stream (S) being determined essentially by the radial velocity component (v^). 

As shown in Figure 4. tiie grain, when seen from a viewpoint which moves along, descrit>es on the metering face 
(3) as it were a "short" spiral (SJ. which, witii the aid of the guide member (8). is converted into a "long" spiral (S), tiie 
45 "length" of this spiral, as is shown, being determined by the radial velocity component (v^): as tiie length of the guide 
member (8) increases (a^b). the take-off angle (aa->^) increases and tiie grain is moved in a "longer" spiral (S) 
(A-^B). 

In order to understarxl tiie metiiod of the invention conrectiy, it of essential import that the movement (R)(S) vi/hich 
the grain descrit>es in the rotating system, thus from the metering face (3). along the guide member (8) to the rotating 
so impact member (1 4), is simultaneously seen from txrth a stationary viewpoint and from a viewpoint which moves along. 

Rgure 5 shows these movements, when seen from kx>th the stationary (R) and tiie moving (S) position. While tiie 
grain nr^oves at a constant velocity {Vq^ along the straight stream (R). the relative velocity (Vrei) of the movement along 
the spiral st-eam (5) increases as ttie grain moves further away from tiie axis of rotation (O). At the moment at which 
tiie grain comes off the guide mender (8). it has a relative velocity (VreO which is lower than the absolute velocity (Vabs)- 
55 Along tfie spiral stream (S). the absolute velocity (Vabs) »s quicWy exceeded by the relative velocity (Vrei"). after which, 
further on in the spiral stream (S). velocities (^r^n can be reached which are a multiple of the at>solute velocity (Vabs)- 

In tiie metiiod of the invention, use is made of this high relative velocity (V^H by altowing the grain to strike, at tiiis 
relatively great impact vek)city fyimpacd. tiie impact fac (15) of all inrpact member (14) which rotates togettier with tiie 
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system. In this way, the method of the invention makes it possible to allow a grain, which comes off the guide member 
(8) at a relatively low velocity (VabsXVreO. to impact at a very high relative velocity (Vjmpact)- This means that the wear 
to the guide member is reduced considerably and the impact, if the impact face (15) is disposed correctly, takes place 
at an optimum, virtually perpendicular inrpact angle (P)(80*'-85*^), with the result that a great comminution intensity is 
obtained, while the wear even to the inpact face (15) is limited, since impact wear is much lower than guide wear. 

A particular advantage according to the method of the invention is that the grain, after the first impact, comes off 
the impact face (15) at a residual velocity (Vresiduai). which is at least as great as the impact velocity {yimpacd- at which 
residual velocity (V^eajduai) grain is moved into a straight stream (R), when seen from a stationary viewpoint, where- 
upon the grain, immediately after the first impact, can strike for a second time, at a high collision velocity (Vcoinsion). a 
stationary impact member (16). which impact can likewise take place at an optimum, virtually perpendicular angle 
(p)(80*»-85"). 

It has been demonstrated that an impact at an angle of 80 to 85** for most types of material results In a much higher 
breaking probability than a perpendlcUar impact. The breaking probability can be increased considerably still further by 
allowing the grain to Impact twice immediately in succession. 

The method of the invention thus makes it possible, with a relatively lower power consurrption and a relatively low 
level of wear, to allow the grains to impact at an optimum angle, at least twice immediately in succession, with the result 
that a high breaking probability Is achieved. 

Furthermore, the method of the invention makes it possible to synchronize the movement of the grain with the 
movement of the rotating impact member. 

Figure 6 shows the spiral stream (S) which the grains describe between the guide member (8) and the rotating 
impact member (14). As indicated previously, it can be demonstrated that if the take-off location (W) and the take-off 
angle (a) are not affected by the angular velocity (Q), and the take-off velocity (Vabs) is proportional to the angular veloc- 
ity (O). the route covered as the grain describes the spiral stream (S) and the route covered (Ce) as the rotating impact 
member (14) describes the periphery (27) which is described by the rotating impact member (14), are Independent of 
the angular velocity (n). The instantaneous angle (e), which is formed by the radial line (48) on which is situated the 
location (W) where the grains leave the gukJe member (8) and the radial line (49) on which is situated the location (T) 
at which the grains hit the rotating Impact member (14). is thus not affected by the angular velocity (Q). 

This makes it possible to synchronize the movement which the rotating impact member executes with the move- 
ment which the grain executes, so that, irrespective of the angular velocity (Q), the impact of the grain against the 
impact face of the rotating impact member takes place at a predetermined synchronization location (T) and at a prede- 
termined inrpact angle (p). the impact vekx;ity (Vj^pact) being proportional to the angular velocity (O) and can thus be 
selected with the aid of the said angular velocity {CI) without in so doing affecting the impact location (T) or the impact 
angle (p). 

However, a synchronization of this kind is only possible if the individual grains from the stream of material are 
guided, from the rotating impact member (14) in an essentially deterministic spiral stream (S), i.e from a defined take- 
off location (W) and at a defined take-off angle (a), which is not affected by the angular velocity (a). This places partic- 
ular demands on the guide member (8). 

Figure 7 diagrammatically depicts a radially designed guide member (29). and Rgure 8 depicts a bent guide mem- 
ber (50). each guide member (29)(50) being equipped with a central feed (67)(70), by means of which the material is 
taken up from the metering face (3). which merges into a guide face (68)(71), along which the material is brought up to 
speed and is guided primarily in the desired direction, which guide face merges Into a delivery end (69)(72). by means 
of which the material is guided in a spiral stream (S) in an essentially deterministic manner. 

Rgure 9 diagrammatically shows the movement of a stream of material (Sr) on a rotating face of a rotor (2). when 
seen from a viewpoint which moves together with the said rotor (2). The said stream (Sr) is guided outwards in a spiral 
movement, which approximates to an Archimedes' spiral, and is taken up by the central feed (9) of a guide member (8). 
which in this case is an-anged radially, and is therefore directed virtually transversely to the spiral stream (Sr). With the 
aid of the said central feed (9). the spiral stream of material (S^) is converted into a radial movement (SJ and is gukJed 
towards the guide face (10). 

Rgure 10 provides a diagrammatk: depfction of the central feed. The length of the central feed (9) is given here by 
(/J which length is essentially determined by the width (Sb) of the spiral stream (S^) at that location. The conversion of 
the spiral stream (S^) into a straight radial movement (SJ takes place along this central feed (9). it being necessary to 
take into account the fact that the length which is required In order to allow the stream of material to make good contact 
with the guide face (10) may be slightly longer than the given length {i^) of the central feed (9). The actual guide begins 
from this region (74). 

Figure 11 shows the Archimedes' spiral (73). On the basis of a movement in an Archimedes' spiral (73). the radial 
width of the spiral is 2na, a being calculated as: a = V 3/n . i.e. the initial radial velocity (VJ which the stream of material 
has at that location, divided by the angular velocity (O). 

Rgure 12 Indicates how it is possible to calculate the minimum length (4) which the central feed (9) has to have in 
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order to take up the stream of material, specifically as the maximum distance which is given by the angle (x) which a 
grain, in the region in front of the said central feed (9), when seen in the direction of rotation, can cover in the radial 
direction starting from the periphery (rg) which the start point (76) of the central feed (9) descries, before the grain is 
taken up by the said central feed (9). In the process, the grain moves naturally in a spiral stream (77), when seen from 

5 a viewpoint v>rhich moves along. The radial distance, or width of the spiral stream (Sc) which the said grain now covers 
is a function of the rotational speed (rpm). of the initial radial velocity ( V^) which the grain has at the moment at which 
it passes into the region (75) before the said central feed (9). and the angle (x) between the radial line on which is situ- 
ated the location (78) where the grain hits the guide member (8) and the radial line on which is situated the location of 
the start point (79) of the following central feed arranged in the direction of rotation; which length (/J of which central 

10 feed (9) essentially satisfies the equation: 




15 All notations used in the text are summerized at page 74. 

Figures 13 and 14 diagrammatically show how the angular velocity (n) affects the spiral stream (S^) on the rotor 
(2), and thus the length (/c) of the central feed (9). Figure 13 shows, for a low rotational speed (rpm), that the material 
moves in a relatively wide spiral stream (S^) over the rotor (2). with the consequence that the length (r^) of the central 
feed (9) is relatively great Allowing the rotor (2) to rotate at a greater speed (rpm) means, as is shown diagrammatically 

y) in Rgure 14. that the spiral stream (S^) becomes less wide, leading to a shorter length {r^) of the central feed (9). 

It is furthermore apparent that the initial radial velocity (VJ which the sti-eam of grains has at the moment at which 
it comes into contact witii the central feed (9) has a consideratrfe effect on the width (Sb) of tiie spiral stream (S^). For 
example, for an angle x = ^ (approximately four guide members) and an initial radial velocity (VJ of 2 m/sec, the min- 
imum length of the centi-al feed (/J. for a rotational speed of 100 rpm. is in absolute units 1^ = 600 and, for a rotational 

25 speed of 1000 rpm, = 60. If the initial radial velocity (Vg) is 5 m/sec. the respective values are = 1500 (at 100 rpm) 
and /e = 150 (at 1000 rpm). The lengtii (Z^) of the central feed decreases with the number of guides, i.e. the angle (x). 

It is preferred to keep tiie length (i^) of the central feed (9) as short as possible, so that the stream of material (Sr) 
can make contact as quickly as possible with the guide face (10) and can be guided from the delivery end (11) in the 
desired spiral movement (S) at as low a velocity (Va) as possible, i.e. at as short a radial distance (r^ as possible. As 

30 indicated, it is possible to make do witii a shorter length {1^) as the angular velocity (rpm) is increased and the rotor (2) 
is designed witii more guide members (8). However, the maximum number of guides is limited by tiie necessary free 
feed of the stream of material (S^) to the central feed (9). Row rate and grain dimension play an important role in tiiis 
connection. If ttie distance (x) between the guide members (8) is made too short, this impedes the feed of the stream 
of material (S) to the said central feed (8). with the consequence that the material accunulates on the metering face 

35 (3). Witii regard to the grain dimension, it can be stated as a general rule tiiat the calculated length {i^ of the central 
feed (9) has to be at least twice as great as the maximum grain dimension of the grains from the stream of material (Sr). 
The initial radial velocity (VJ can be limited by limiting as far as possit)le the height of drop of the material during meter- 
ing onto the rotor (2). and by limiting ttie diameter of the rotort>lade; however, also depending on the maximum grain 
dimension, a certain minimum diameter of the rotorblade is required. 

10 Rgure 15 shows how it is possible to limit the radiale velocity (VJ by suspending a partition (80) in tiie feed tube 
(81) above ttie metering lace (3) of tiie rotor (2). However, here too it is necessary to take into account the fact that, in 
order to achieve a defined capacity, a defined flow rate is necessary during the metering. 

To bridge the relatively short distance between the guide member (8) and tiie rotating impact member (14) without 
the grain being significantiy affected by air resistance, any air movements and the force of gravity, a take-off velocity 

45 (vg^s) of approximately 10 m/sec is normally sufficient. 

Furthermore, in order to move the said material into a spiral stream (S) in an essentially deternrdnistic manner, it is 
of essential importance that the take-off angle (a) of the individual grains from the stream of grains is virtually constant 
and that all the grains come off tiie guide member (8) at virtually the same take-off location (W). 

For the method of the invention, the function of the guide member (8), in addition to providing a certain acceleration, 

50 is therefore primarily to direct the movement of the grains along the guide face (10) in such a manner that the stream 
of material comes off the guide member (8) at virtually the same take-off bcation (W), at a virtually constant take-off 
angle (a) and at virtually constant take-off velocity (v^bj. To this end. the grains from the stream of material, after they 
have been taken up by the centi^al feed (9). must quickly and correctiy make contact witii the guide face (10). 

As is diagrammatically indicated in Rgure 16. tiie radial lengtii (0 of the guide member (8) is essentially the deter- 

55 mining factor here. An excessively short guide member (8) witii a length (4'") which is shorter than tiie required lengtii 
(/c) of the central feed (9) (situation D). tiie radial length (O of tiie guide member (8) thus being shorter than the widtii 
of the spiral stream (S^). is tiie factor whidn causes only some of the grains from the stream of material (S^) to come into 
contact with tiie central feed (9). A substantial proportion of the grains moves past the front of the said central feed (9) 
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(as it were rolls off the rotor (2)) and is not taken up by the said central feed (9). The grains which, owing to the lack of 
a guide face, are not guided therefore leave the "guide member" in a chaotic manner, with the take-off angle (a) varying 
(a"*) from virtually tangential to virtually radial, while the take-off velocity (v'"abs) varies from virtually nothing to the tip 
velocity (Vtip) at that location. It is impossible to synchronize a stream (S"') of this kind effectively with the movement of 
a rotating impact member (14). As the length {r-^f) oi the guide member (8) increases (situations C and B). thus 
involving a guide member (8) with a central feed (9) and a guide face (10), the grain can make better contact with the 
guide face (10), and the spread of the take-off velocity (V^^ v'abs) ^"^1 the spread of the takeK)ff angle (a"->a') 
decrease, resulting in a process which proceeds in a more deterministic manner. If the length (i) of the guide member 
(8) is made large enough to produce a guide face (10) with sufficient contact length (situation A), the separate grains 
from the stream (S^) make contact with the said guide face (10) in such a manner that the grains all leave the guide 
member (8) from virtually the same take-off location (W). at virtually the same take-off angle (a) and at a virtually con- 
stant take-off velocity (v^t^) which is determined by the angular velocity (O), arxJ are guided in an essentially determin- 
istic spiral stream (S). 

Directing the stream of material along the guide face (10) is done essentially by means of the radial velocity com- 
ponent (Vr); for a correct direction, it is therefore necessary for the stream of material to develop a specific minimum 
' radial velocity conrponent (Vp) along the guide face (10). To launch the grains from the guide member (8) in an essen- 
tially deterministic manner, it is necessary for a radial velocity component (v^) which is approximately 35 - 55% of the 
transverse velocity component (v^) to be developed along the guide face (10), thus resulting in a take-off angle (a) of 
approximately 20 to 30"*. It can therefore be stated that the stream of material (Sr->^Sc) can be brought into a spiral 
stream (S) in an essentially deterministic manner, with the aid of a guide member (8), if the take-off angle (a) is greater 
than 20*", and preferably greater than 30°. 

For this purpose, the guide member (8) must be equipped with a central feed (9) which has a length (l^) to take up 
the stream of material (Sc) and a guide face (10) which has sufficient guidance length (^g) to direct the stream (Sc). 
These factors together determine the length (£) of the guide member (8). 

Rgure 17 shows how this guidance length can be calculated as a function of the take-off angle (a). The guid- 
ance length (^g) is given here as the difference between the radial length (ro) from the axis of rotation (O) to the start 
point (83) of the guide face (10) (end point of said central feed) and the corresponding radial length (r^) to the end point 
(84) of the said guide memt>er (8) (end point of said delivery end), i.e.: ig = r ^ - r^. . The length (/g) of the guide mem- 
ber (8) call thus be calculated on the basis of the relationship (rc/r^. For radially arranged guides and for the resistance- 
free state, this relationship essentially satisfies the equation: 



Rgure 18 shows a guide member (8) which is not ananged radially, with the result that the relationship {VfJr^) 
changes and, as a function of the take-off angle (a), can essentially be given by the equation: 



All notations used in the text are summerized at page 74. 

Figure 19 shows the connection between the take-off angle (a) and the rdationship (ro/r-i) for guide members 
which are arranged radially (85) and non-radially (86). The degree to which the non-radial guide members (86) differ 
from the radial guide member (85) is shown by the angle (ic) between the radial line on which is situated the end of the 
radial guide member (85) and the radial line on which is situated the end of the non-radial guide member (86), a non- 
radial guide member (86) which is situated towards the front, in the direction of rotation, by comparison with the radially 
arranged guide member (85) forming an angle (+k). and a non-radial guide member (86) which is situated towards the 
rear forming an angle (-k). Furthermore, it is necessary to take into account the friction of the stream of material (RJ 
along the guide face (10). 

Figure 20 diagrammatically illustrates how the friction affects the take-off angle (a); the take-off angle (a) becomes 
smaller as the influence of the friction, which can be given by the coefficient of friction (cd) increases. The coefficient of 
friction (co) depends on the contact between the grains and the guide member (8). The friction is further influenced by 
the shape of the guide member (8). However, it is extremely complicated to try to include the coefficient of friction (a>) 
in an equation; indeed, for a bent guide member this is essentially impossible. The friction increases when the guide 
member (8) is directed forwards in the direction of rotattion and decreases when directed backwards. However, the sit- 
uation can be simulated reasonably accurately with the aid of a computer. In any case, it is true that the guidance length 
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(/g) of the guide face ( 1 0) which is required to launch the stream of material (Re) in an essentially deterministic manner 

increases together with the coefficient of friction (<d). 

On the basis of the at>ove description, it can be stated as a general rule for the method of the invention that, in order 

to achieve an essentially deterministic take-off process of the grains from the guide member (8). i.e. such that the grains 
5 leave the guide member (8) at a take-off angle (a) of at least 30"*. the length {£) of the guide face (10). i.e. the radial 

distance (r^ from the axis of rotation (O) to the end point of the guide member (8), has to be at least 33 V3% greater 

than the corresponding radial distance (ro) to the start point of the guide member (8). 

Rgure 21 shows a guide memt)er (87) which has a sort of S-shape. In this case, the central feed (88). which is 

designed such that it is bent fon/vards in the direction of rotation, lies as far as possible as a continuation of the natural 
10 spiral stream (Sr) which the material on the rotor (2) describes, which central feed (88) merges into a guide face (89) 

which is of straight design and is directed backwards in the direction of rotation, which guide face (89) merges into a 

delivery end (90). which is bent backwards in the direction of rotation and is at least sufficiently curved for the curvature 

to be situated as a continuation of the spiral stream (S) which the said material describes when it comes off the said 

delivery end (90). 

IS The specific bent shape of the central feed (88) makes it possible to take up. in an improved manner, the stream of 
material (Sr) in a flowing movement from the rotor (2) and to guide it to the guide face (89). Since the guide face (89) is 
directed backwards, the acceleration is limited, while the material is guided from the bent delivery end (90) into the 
intended spiral stream (S) in. as it were, a natural manner, in the direction of the rotating impact member (14). This 
design makes it possible to allow the stream of material (Sc) to come off the guide member (87) at a relatively low veloc- 

^ ity (v^bs) iri an essentially deterministic manner. Thus both the power consumption and the wear are limited, while the 
stream of material (Sc-^S) comes off the S-shaped guide member (87) at a lower take-off velocity (v^, and can thus 
develop a greater relative velocity (V^ei) along the spiral stream (S). and thus hits the rotating impact member (14) at a 
greater velocity (Vj^pact). 

Rgure 22 shows a preliminary guide member (4). the central inlet (5) of which lies immediately t>ehind the central 

25 feed (9), when seen in the direction of rotation, which preliminary guide member (4) extends, from the said central feed 
(5), with the preliminary guide face (6) in a direction essentially opposite to the direction of rotation, to a delivery location 
(7) which is directed towards the central feed (9) of a following guide member (8). A preliminary guide member (4) of this 
kind makes it possil>le to feed the spiral stream (Sr) to the central feed (9) of the guide memt>er (8) in a more effective 
manner without impeding the nnovement of the grain on the rotor (2), and to prevent grains from being able to jump or 

30 simply roll off the metering face, thus not being taken up by'the central feed (9). or to prevent them from coming into 
contact with tiie guide member (8) at a greater radial distance from the axis of rotation (O). with the result tiiat the guid- 
ance process is significantiy disturbed. 

Rgures 23 and 24diagramnrratically show, for the resistance-free state, the movements of the material between the 
location (W) where this material leaves the radial guide member (8) and the location (T) where the material strikes the 

35 rotating impact member (14), when seen respectively from a stationary viewpoint (Rgure 23) and a viewpoint which 
moves together witii the system (Rgure 24). 

In reality, the movement of the material is actually subject to, inter alia, friction with components of the rotor and to 
air resistance. The same also applies to the force of gravity. These factors affect the stream, although without signifi- 
cantiy changing the nature of the nx)vement. The grain size and the grain configuration play an important role here. In 

40 the following observations, these effects are, for tiie time being, discounted. 

When seen from a stationary viewpoint (Rgure 23). when the material comes off the guide member (8) at a radial 
distance (ro) from the axis of rotation (O). at a take-off velocity (VabJ, a radial velocity component (v^) and a velocity 
component which is perperxiicular to the radial component, i.e. a transverse velocity component (vj, are active. The 
ti-ansverse velocity (v,) of the material at the moment at which it leaves the guide member (8) corresponds to the tip 

45 velocity, i.e. the velocity at the location of tiie discharge end (1 1). of the guide member (8): tip velocity =^ Or^. If tiie radial 
(Vr) and transverse (vj velocity components are equal, the material leaves the guide member (8) at an angle (a) of 45**. 
In reality, the magnitudes of the velocity components may differ, with the result that the direction of movement changes: 
the transverse velocity component (v,) is normally greater than the radial velocity component (vj. but the reverse may 
also be true. The take-off angle (a) can tfius be greater than and less than 45*. but is normally less than 45''. As indi- 

50 cated atx>ve. it is necessary, in order to bring the said material into an essentially deterministic sti-eam. for the take-off 
angle (a) to be greater than 20**. and preferably greater than 30**. 

Since the straight movement path (R) is not directed from the axis of rotation (O), but rather from a location (W) 
situated at a radial distance from the axis of rotation (O). there is a shift outwards, when seen from the axis of rotation 
(O). at a radial distance which is greater than the radial distance to the location (W) where the material leaves the guide 

55 memt>er (8). between the radial (Vr) and transverse (v^ velocity components, when seen from a stationary viewpoint, 
the magnitude of the radial component (v^) increasing and that of the transverse component (vj decreasing. 

When seen from a viewpoint which moves together with the guide member (8) (Rgure 24). the situation is different. 
After coming off the guide mender (8). the grain nwes at a relative velocity (V^i) along the spiral stream (S), the direc- 
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tion of which is opposite to that of the straight stream (R). the relative velocity (Vr^,) increasing as the grain moves fur- 
ther away from the axis of rotation (O). At the moment at which the grain comes off the guide member (8), there is no 
relative transverse velocity (V\ rei) active. At that moment, the relative movement is determined only by the radial veloc- 
ity conrponent (v^). When the material comes off the guide member (8). a relative transverse velocity component (vj 
5 begins to develop. In the process, as the material moves further away from the axis of rotation (O). the radial velocity 
component (vj Increases considerably, and the transverse velocity component (v^) increases very considerably TTie 
material therefore describes a spiral stream. 

In this case, for both the movement in the straight stream and in the relative movement in the spiral stream (S). i.e. 
when seen from both the stationary and the moving viewpoint, the radial velocity component is. at any distance from 

10 the axis of rotation (O). identical (Vr = v^). and increases as the grains move further away from the axis of rotation (O). 
Since, as the radial distance between the location (W) where the material leaves the guide member (8) and the location 
(T) where the material hits the rotating impact member (14) increases, the transverse velocity component (v,) increases 
more than the radial velocity component (V^), the direction of movement of the relative velocity (Vrei), further on in the 
spiral stream (S). increasingly comes to lie as a continuation of the direction of movement, which is in fact in the oppo- 

75 site direction, of the rotating impact member (1 4). with the result that the impact intensity increases when the grain hits 
the rotating impact member (14). However, the spiral movement (S) described by the material prevents the relative 
movement (S) of the grain and the movement (B) of the rotating impact member (14) from being able to lie completely 
in a single line. Moreover, the distance (r - r^) between the location (W) where the material leaves the guide member (8) 
and the location (T) where it strikes the rotating impact mender (14) is also limited for practical reasons. 

20 The spiral movement (S) which the material describes according to the method of the invention can. as shown in 
Rgure 25. be given, when seen from a co-rotating position, as the connection between the instantaneous angle (0). the 
associated radius (r) and a factor f , and essentially satisfies the equation: 



All notations used in the text are summerized at page 74. 

which instantaneous angle (8) is defined as the angle between the radial line (48) on which is situated the location 
(W) where the stream of material (S) leaves the guide member (8) and the radial line (49) on which is situated the loca- 

30 tion (T) where the stream of material (S) hits the rotating impact member (14). The equation shows that the spiral 
stream (S) which the said material descrit>es after leaving the guide member (8), when seen from a viewpoint which 
moves together with the rotating impact member (14). is determined entirely by the location (W), i.e. the radial distance 
(r^), from where the material leaves the guide member (8). by the take-off angle (a) of the material from the guide mem- 
ber (8) and by the relationship between the transverse component (v^ of the absolute velocity (Va^s) On leaving the 

35 guide member (8) and the tip velocity (Vtip) of the delivery end {1 1) of the guide member (8). i.e the factor f. It is 
extremely important that the stream (S) should not be affected by the angular velocity (n); as pointed out earlier, this 
essentially forms the basis of the method of the invention. 

The fact that the instantaneous angle (8). which has an unambiguous connection with the radial distance (r) of the 
axis of rotation (O) to the hit point (T). can be calculated makes it possit)!e to position the rotating impact member (1 4) 

40 accurately with respect to the guide member (8). 

The velocity {\/\mpsLcO at which the material, with the aid of the rotating Impact member (14), hits the impact face 
(13) increases considerably, as has been stated, as the difference increases between the radial distances (r - ro) from 
the location (W) where the material leaves the guide member (8) and a hit location (T) situated further on in the stream 
(S). Furthermore, the intact velocity (Vj^^pa^t) is determined by the angular velocity (Q). 

45 Figure 26 shows how the relatively velocity (V^ei) of a grain develops along the spiral stream (S). At the moment at 
which the grain is guided into the spiral stream (S). only the radial velocity component is active, i.e.: V^i = Vr; at that 
moment, the grain has no transverse velocity component (Vt = 0). As stated above, the radial velocity component (VJ 
increases for both the absolute velocity (Vabs) and the relative velocity (V^e,). when seen from the axis of rotation (O). as 
the grain moves further away from the said axis of rotation (O), thus: v^ = V^. immediately after the grain comes off the 

so guide member (8). it develops, along the spiral stream (S), a transverse velodty component (V^) which increases con- 
siderably as the grain moves further away from the axis of rotation (O). This transverse velocity component (V,) is cal- 
culated as the distance, at a specific radial distance from the axis of rotation (O), between the relative tip velocity (Vjip) 
of the grain, which is calculated as \/\^ « Or, and the transverse velocity component (vj of the grain along the straight 
stream (R) at the said radial distance, i.e.: V\ = V* - v' , = a , - v' , . The relative velocity (VVei). i.e. the impact veloc- 

55 ity (Vimpact). is now. when seen from the axis of rotation (O). formed by the resultant of the radial (V^) and the relative 
transverse (Vj) velocity components. It is clearly illustrated how considerably the relative velocity (V^i) increases along 
the spiral stream (S) as the grain moves further away from the axis of rotation (O). 

Figure 27 indicates how the velocity at which the material hits the rotating impact member (14). i.e. the impact 
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velocity CVinipact)* ca^^ reached. This impact velocity (V|^pact) essentially satisfies the equation: 
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All notations used in the text are summerized at page 74. 

This specific connection makes it possible, at a given location (T) where the material hits the rotating impact mem- 
ber (14), accurately to give the angular velocity (Q) which is required in order to achieve a specific impact velocity (Vj„,. 
pact)- Conversely, if the angular velocity (O) is given, the hit location (T) where the material hits the rotating impact 
member (14) at a defined impact velocity (Vi,„pact) can be defined accurately. 

For two angular velocities Cl - 1000 and n = 1200 rpm), Rgure 28 shows the relative velocites (Vrej = ^\mpB,td 
which the material develops along a specific spiral stream (S); i.e. the velocity (Virnpact) which the material at the loca- 
tion (T) in the spiral movement (S) would strike a rotating impact member (14) disposed at that location. The basis used 
here is a tip velocity (Vjjp), i.e. peripheral velocity (Vjjp), at the location (W) from where the material comes off the guide 
memt>er (8). of 36 m/sec. The method of the invention thus makes it possilDle. at a relatively low take-off velocity (v^ts), 
to achieve a very high collision velocity (Vj^pact). and thus a high impulse loading of the material, which impact velocity 
(^impact) cari be selected with the aid of the angular velocity (Q) and the radial distance (r) from the axis of rotation 
where the rotating impact member (14) is arranged in the spiral (S). 

It is preferred for the material to hit the impact face (15) of the rotating impact member (14) perpendiculariy, when 
seen in the plane of the rotation and when seen from a viewpoint which moves together with the rotating impact member 
(14). The actual impact angle (p) can then be adjusted tsy fitting the impact face (15) in the vertical direction. 

Rgure 29 shows how the impact face (1 5) has to be arranged in order to achieve a perpendicular impact angle in 
th plane of the rotation, at the location where the grain strikes the said impact face (15): at an angle {ff) in the horizon- 
tal plane, between the radial line (48) on which is situated the location (W) from where the material leaves the guide 
member (8) and the line (49) which, from the location (T) where the material hits the impact face (15). is directed per- 
pendicular to this radial line (48). which angle (3*) essentially satisfies the equation: 
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r ^ sin a + p 



- e 



35 All notations used in the text are summerized at page 74. 

With the aid of the angle (p'), it is possible to arrange the Impact face (15) in such a manner that the impact of the 
stream of material (S) takes place at an optimum impact angle (p), which lies, as indicated akx>ve. between yS"" and dS"" 
for most materials. At the same time, the impact angle (P) is largely the determining factor for the ret)ound behaviour of 
the grains; i.e. the rebound velocity (Vresiduai)' retxjund angle (p^) and the behaviour of the granular material which 

io remains stuck to the impact face (15) during the impact. This is the case In particular if the grains have a low coefficient 
of restitution, and above all if the grains become pulverized during the impact. This adhesion behaviour is promoted If 
the grains are moist. Disposing the impact face (1 5) at a slightly oblique angle with respect to the impacting stream (S) 
has the advantage, in addition to increasing the breaking probability, of guiding the grains in a different direction after 
the impact, so that the impact of following grains is not disturbed. Furthermore, it is necessary to prevent the grains from 

45 starting to move outwards, after impact radially along the impact face (15) under the influence of the centrifugal force. 
Since the peripheral velocity (V'tjp) is relatively high at that location, this can lead to extremely intensive wear along the 
outer section of the impact face (15). This wear disturbs the impact process and does not lead to significantly greater 
rekx)und velocities, i.e. residual velocity (Vresiduai)' of the rebounding stream of material (Sresiduai)- >s therefore pre- 
ferred to direct the inpact face (15) slightly obliquely inwards and slightly obliquely downwards with respect to the 

so impacting stream (S). 

Figure 30 shows a preferred arrangement of an impact face (170). In this case, the impact face (170) is directed 
slightly inwards in the horizontal plane (Rgure 31), so that the angle (p**) is a few degrees (1"* to 5°) greater than the 
calculated angle P'; in such a manner that, when seen in the plane of the rotation, the said angle (p'*). which the said 
impact face forms with the spiral stream (S) at the location of impact is greater than 90°. when seen from a viewpoint 
55 which moves together with the said rotating impact member. In the vertical plane (Rgure 32). the impact face (170) is 
directed slightly downwards, with the angle (p*") being a few degrees (1** to 5*'); in such a manner that, when seen from 
the plane directed perpendicular to the plane of the rotation, the said angle (P"*). which the said impact face forms with 
the spiral stream (S) at the location of impact is greater than SO"", when seen from a viewpoint which moves together 
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with the said rotating impact member. Overall, the angles pr and p"' must be selected in such a manner that the actual 
impact angle (p) lies between 75** and 85**.An arrangement of this kind is possible with the aid of the calculated angle 

Rgures 33, 34 and 35 show how a jet of air (91) can be blown in a simple manner and at great speed along the 
5 impact lace (131), from the top towards the bottom, thus assisting the movement of adhering materia! in a direction 
which is as far as possible vertical, downwards along the impact face (131), while the stream (Sresiduai) of the rebound- 
ing material is guided more effectively. The jet of air (91) is generated with the aid of an air-guidance member (127) in 
the form of a partition (1 28) which is disposed along the top of the edge (1 30) of the rotating impact member (1 31). 
The spiral streams which the grains describe between the guide member and the impact lace may shift slightly as 
10 a result of natural effects. 

Figure 36 shows the influence of the grain diameter. Since larger grains (153) make contact with the delivery end 
(1 1) for a somewhat longer period, to a somewhat greater distance from the axis of rotation (O). than smaller grains 
(154). larger grains (1 53) develop a somewhat greater take-off velocity (Vabs). and come off the delivery end (1 1) at a 
somewhat greater take-off angle (a) than smaller grains (154). The stream (155) of larger grains (153) therefore shifts 
15 outwards to some extent by comparison with the stream (156) of smaller grains (154).The length {i) of the guide mem- 
t»er (8) can therefore be calculated as the length to the delivery end (1 1). increased by half the grain diameter. 

Figure 37 shows how the spiral stream (S) can shift slightiy owing to the self-rotation (158) of the grain in this 
stream (S). This is true in particular of elongate grains. 

Figure 38 and Rgure 39 show a different behaviour of grains along the guide face (15). The grain can roll along 
20 this face (Rgure 38). but can also, as is generally the case, slide along it (Figure 39). The coefficient of friction {<&) for 
rolling friction is normally less than for sliding friction, and as such affects the take-off velocity (v^bs) and the takeoff 
angle (a), although only to a limited extent. 

Figures 40 and 41 show that the contact surface (1 59)(1 60) between the grain and the guide face (10). depending 
on the shape of the grain, can differ considerably, which can affect tiie frictional behaviour and tiius the take-off behav- 
25 iour to some extent. 

The factors mentioned above explain why the particles from the stream of grains (S) exhibit a certain spread (157) 
along the rotating impact face (15) as has been mentioned; this spread (157) Increases further on in the stream (S). 

Rgure 42 shows that, owing to the abovementioned natural effects, the streams (S) which ttie separate grains from 
the material (S) describe as a whole form a bundle of streams (161). This behaviour is inherentiy essentially determin- 

30 Istic and controllable. As a result, the innpacts become spread slightly oyer the impact face (15), with the result that a 
more regular wear pattern is produced. An extensive concentration of the impacts can lead to an irregular wear pattern, 
which can impair the impact of the grains. These natural effects must be taken into account when designing the impact 
face (1 5) by. as far as possifcrfe. adapting the design to the impact pattern (1 62) of the stream of material (1 61). As a gen- 
eral rule, it can be stated thiat the natural spread of the streams (1 61 ) which the grains describe, i.e. the extent to which 

35 the spiral streams (S) shift, increases as the stream of material contains grains with more divergent diameters, grain 
shapes which differ to a greater extent and as the material compositions of the grains differ increasingly, witii differing 
coefficients of friction (co). 

The impact pattern (162) has a major effect on the wear behaviour and is thus of great importance if the impact 
face (15) is to be designed optimally. In theory, the impact pattern (162) can be approximated effectively with the aid of 
40 computer simulation, Ixit this simulation has to be checked and corrected using practical observations. An insight into 
the impact pattern (162) makes it possible to design a wear-resistant impact segment which has a relatively long serv- 
ice life. 

Rgure 43 and Rgure 44 show a guide member (163) with a guide segment (164). The wear along the guide face 
(165) of tiie guide segment(164) Increases with the radial distance (r^) to tiie axis of rotation (O). I.e. outwards. As wear 
45 occurs, therefore, the guide face (165) is gradually curved backwards to a greater extent, when seen in the direction of 
rotation. 

Witii increasing wear, the location ( 1 67 1 68) from where the material leaves the guide member (1 63) shifts back- 
wards, when seen in the direction of rotation. As a result, the stream (S) which the particle describes between tiie guide 
member (163)(8) and tiie rotating impact member (14) also shifts backwards, when seen in the direction of rotation. 
so Rgures 45 and 46 show that, in tiie event that tiie sti-eam of material (S) exhibits an excessive spread owing to 
natural or other effects, tiiis can be corrected using the subsequent guide member (12), which is disposed with the sub- 
sequent guide face (13) along at least a section of one side of tiie spiral stream of material (S). A subsequent guide 
member (1 2) of ttiis kind makes it possible also to gain better control of the air movement. In addition to the stream of 
grains. 

55 It is necessary to prevent the stream (S) which the grains describe from being affected excessively by air move- 
ments. The air in the cylindrical chamber (20) between the guide member (8) and the rotating impact member (1 4) has 
to flow at virtually the same velocity and along the same spiral stream (S) as tiie said material, so that, as it were, a dish 
of air is formed in the circular chamber (20), which dish rotates In the same direction, at tiie same angular vetocity (Q) 
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and about the same axis of rotation (O) as the said guide member (8) and rotating impact memb^ (14). 

The central feed, the guide merrti)er and the delivery end are each subject to different forces. The central feed Is 
subject to impact forces concentrating at the corners at the b^in point and is futher sii>ject to both rolling and sliding 
wear The guide face is sut>ject to friction forces, caused mainly by sliding wear; the sliding wear increasing exponen- 

5 tially towards the end point of the guide member The delivery end is subject to a sudden (total) drop in loading at the 
moment the particle leaves the guide member, resulting into intense friction and wear. It is therefor preferred to (geo- 
metrically) construct the different parts of the guide member in such a way that these can best withstand the particular 
forces. An important aspect is the choice of construction materials. Especially for the guide face the ceramics show 
interesting possibilities. However also a composite structure has interesting features. 

10 Figures 47 shows a characteristic wear pattern of a guide member composed of one type of highly resistant metal 
or composrte. The wear pattern develops towards the end point and has a strong tendency to concentrate in the middel. 
which tendency strongly inaeases when this pattern futher develops. Such a wear pattern has the disadvantage that 
the stream of material is, during operation, invcreasingly concentrating towards the middle of the guide face, reducing 
the deterministic capacity. Futhermore this wear behaviour can narrow the bundel of streams of particles, concentrating 

IS the impacts of the particles at the impact face, which can result in a more uneven wear pattern of the impact face. 

Rgure 48, shows a composite structure where, in lontitudual direction, the guide member has a layered construc- 
tion which layers are alternated composed of materials with different wear resistance; in such a way that the top layer 
has a high wear resistance, the next layer a lower wear resistance, the third layer a higher wear resistance again, and 
so on. with the bottom layer having a high wear resistance. The thickness of the individual layers depends on the parti- 

?o cle size distribution of the material. Such a composed structure shows a waved wear pattern developing evenly distrib- 
uted longitudual guide channels along the layers with low wear resisance. Such guide channels make is possit>le to 
distribute the stream of particles more evenly along the central feed, the guide iace and the delivery end. 

Figures 49 and 50 show how, in the event of the Impacts of the grains becoming concentrated on a specific point 
on the impact face (15), due to the composition of the granular material being so uniform that a natural shift of the 

25 stream of material (S) is limited, these impacts can be spread apart in a simple manner. To do this, the guide member 
(97) is suspended in a pivoting manner, with the aid of a vertical hinge (98) which Is fastened to the rotor (2) along the 
edge of the metering face (3). The radial distance (100) from the axis of rotation (O) to the pivot point (99) must in this 
case be smaller than the corresponding radial distance (100) to the mass centre (102) of the pivoting guide member 
(97). Under the effect of the rotating movement of the rotor (2), the pivoting guide member (97) becomes directed radi- 

30 ally outwards, but under the effect of a natural, slightly fluctuating loading of the guide face (1 67) by the stream of mate- 
rial (Sr). a certain degree of reciprocating movement of the delivery end (168) can occur. The angle (±y which the 
delivery end (168) then forms with respect to the radial line on which is situated the location of the pivot point (99) can 
be limited both forwards arxJ backwards. The degree to which the delivery end (1 68) moves in the process can be con- 
trolled using the distance (169) between the pivot point (99) and the mass centre (102) of the pivoting guide member 

35 (97). The smaller this distance (169) is made, the more the movement of the delivery end (168) increases. A pivoting 
guide member (97) of this kind moreover has the advantage that the spiral movement (S) is affected to a lesser extent 
by the wear along the guide face (167). 

Rgure 51 cfiagrammatically shows the impact of the grain against the impact face (15) of the rotating impact mem- 
ber (14). and how this grain then comes off and is guided in a further stream (Sresiduai)- With the aid of the already cal- 

40 culated impact velocity (yimpacd and the impact angle (p). it is possible, with the aid of the coefficient of restitution, within 
the model shown, to calculate the rebound velocity (Vresiduai) arid the rebound angle (pr). 

Rgure 52diagrammatically illustrates the movement of the grains between the rotating impact member (14) and 
the stationary impact member (16). The velocity (Vresiduai) of the material when it comes off the impact face (15) of the 
rotating impact memt>er (14) is at least equal to the absolute transverse velocity, i.e. the tip velocity (V^^) of the rotating 

45 impact member (14). The impact against the collision face (17) of the stationary impact mender (16) therefore takes 
place at a relatively great velocity, i.e. at a velocity (Vcoifejon) which is at least equal to. and often greater than, the veloc- 
ity (Vjmpact) at which the material hit the rotating impact member (14). Moreover, the impacts against the respective 
impact faces (15 ~> 17) take place in quick succession and at an optimum impact angle, increasing the probability of 
breakage condderably Depending on the position of the two impact faces (1 5-> 1 7), the grains in the process have to 

50 cover a shorter (a^) or longer (ag) distance. Rgure 53 shows the grain movements, i.e. the trajectories (74), which the 
grains describe between the rotating impact member (14) and the stationary impact member (16). The trajectories 
(174) which the grains describe together form, as it were, a trajectory plane (175). Rgure 54 depicts the trajectory 
plane (1 75) in horizontal section. It is possible to differentiate here between an upper trajectory plane (1 76). a lower tra- 
jectory plane (177) and a trajectory turning point (K). the radius of which is equal to that of the inscribed circle (178) 

55 which the trajectories (1 74) describe. No impacts take place inside this inscribed circle (1 78) or trajectory turning point 
(K). It is furthermore important, since the trajectories between them carry out a type of "helical motion" (180) in the tra- 
jectory plane (174). as indicated in Rgure 55, that the grains are first guided out of the upper trajectory plane (176) to 
the lower trajectory plane (177). before they strike the collision face (17). It is necessary here to guide the grains over 
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the edge (179) of the stationary impact member (16). At the location where the trajectory plane (175) intersects this 
upper edge (179), the straight streams (R), i.e. the trajectories, of the grains can be affected. The grains with the short 
trajectories (a-i) strike the top of the collision face (17) at a first radial distance from the axis of rotation (O), and the 
grains with the long trajectories (32) strike the bottom of the collision face (17) at a second radial distance which is 
5 greater than the first radial distance. This can be taken into account when designing the stationary impact member (16), 
which for this purpose can be designed with an oblique upper edge (179). 

As has been stated, the method of the invention makes it possible to achieve relatively great impacts in quick suc- 
cession, first against the impact face ( 1 5) and then against the collision face (1 7), using a relatively short guide member 
(8) and consequently with relatively low power consumption and. as a result, limited wear. This is achieved essentially 
10 by guiding the material in an uninterrupted spiral stream (S). when seen from a viewpoint which moves together with 
the rotating impact member (14), through a co-rotating breaking chamber (20) which, as it were, is moving, in which 
breaking chamber (20) the movement of the impact face (15) is synchronized with the spiral movement (S) of the mate- 
rial in such a manner that the material strikes this impact face (15) without making contact with the edges of the rotating 
impact member (14), which permits an essentially urxlisturbed, deterministic progress of the material movement and 
15 the first impact. If the material is gukJed out of the moving, rotating chamber (20), after the irrpact, in particular the 
upper edge (179) of the stationary impact member (16) provides all interfering influence. By extending the collision 
faces (17) as far as possible outwards, the number of collision faces (17) can be reduced considerably, as indicated in 
Rgure 55, and thus so can the abovementioned interfering influence. By curving the collision laces (17) along an invo- 
lute, it is possible to make the grains, when seen from a horizontal plane, impact as far as passible perpendicularly. It 
20 is of coarse also possil>!e to curve the collision face along an involute in the vertical plane. 

As indicated above, the movement equations given apply to an idealized, resistance-free state. In reality, it is nec- 
essary, when determining the spiral stream (S) which the material describes between the guide member (8) and the 
rotating impact member (14), when seen from a viewpoint which rotates together with the system, to take into account 
the effects of, inter alia, the friction of the material with parts of the system, the air resistance, air movements, any inher- 
es ent rotation of the material and the force of gravity Although the nature of the movement (S) does not change signifi- 
cantly under the influence of these factors - the material has a relatively great velocity and the distance which the 
material covers between the guide member (8) and the rotating impact member (14) is relatively short -, it is neverthe- 
less necessary to take into account the fact that a certain degree of spread will occur in the streams (S) which the mate- 
rial describes between the location (W) where it leaves the guide member (8) and the location (T) where the material 
30 hits the rotating impact member (1 4). 

The method of the invention thus makes it possible, as indicated in Rgure 56. to optimize the design parameters, 
namely the radial distances to the central feed (ro). the length {£) of the guide member (8). including the length of the 
central feed (/J and the gukle face (/g), the radial distance (r^) before the sakJ delivery end (11), the radial distance (r) 
to the rotating impact member (14). the instantaneous angle (e) between the guide member (8) and the rotating impact 
35 member (14) and the angle (p) at which the impact face (15) has to be an-anged. Furthermore, these parameters make 
it possible to arrange the stationary impact member (1 6) as effectively as possible in the straight stream (Rresiduai) whidh 
the material desaibes when it comes off the impact face (15). when seen from a stationary viewpoint. 

The method of the invention furthermore makes it possible to implement a number of principles which make it pos- 
sible to optimize the process further, namely the principles of differentiation, segmentation and integration. 
40 Since the impacts of the material against the various rotating impact members (1 4) form essentially individual proc- 
esses, it is possible to load the material differently in these separate processes. Rgure 57 shows the principle of differ- 
entiation, by means of which different loadings of this kind can be realized by comparison with an undifferentiated 
system (Rgure 58). In the undifferentiated system (58), the impact members (14) are disposed at equal radial dis- 
tances (r) and are distributed uniformly around the axis of rotation (angle e).The impact intensity of each rotating impact 
45 member (14) is consequently identical. In the differentiated system, the impact members (38)(39) are positioned at dif- 
ferent radial distances (rWl in the spiral movement (0')(0"). Consequently, there are. as it were, a plurality of breaking 
processes with different intensities functioning simultaneously next to one another. The particles are hit at a lower col- 
lision velocity by the rotating impact member (39) which is disposed at a short radial distance (r')(e') than by the rotating 
impact member (38) which is disposed at a greater radial distance (r")(e"). The result is broken products with different 
50 grain size distributions, which moreover are immediately mixed with one another again. The principle of differentiation 
consequently makes it possible to control to a considerable extent the grain size distribution. 

Figure 59 shows the grain size distribution, for different impact velocities, which is obtained with a crusher in which 
the rotating inpact members (1 4) are not disposed in a differentiated manner and function identically. In this figure, the 
cumulative amount (181) of material is shown on a smaller scale than the specified diameter (182). The grain size dis- 
ss tribution of the broken material is indicated by curve (183). As the collision velocity increases, the grain size distribution 
shifts in a direction (184) from a coarse (185) range to the fine (186) range and normally continues to run continuously. 
The grain size distribution can in this case essentially be affected only by the angular velocity (O). In this case, the grain 
size distribution, by changing the velocity, can essentially only be shifted from coarse (185) to fine (186). It is not possi- 
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ble to affect the grain size distribution otiierwise. 

Rgure 60 slmvs the grain size distribution, for a specific collision velocity, which is otstained with a crusher with a 
differentiated arrangement of the impact members. The grain size distribution of the broken material Is shown by the 
curve (183). The figure further shows the sieve analyses of a relatively coarse, first broken product (187). which is pro- 

5 duced with the rotating impact memt>er at a short radial distance (r*) and consequently a relatively low collision velocity, 
and the sieve analysis of a relatively fine second broken product (1 88), which is produced with the rotating impact mem- 
ber at a great radial distance (r") and consequerrtly a relatively great impact velocity (Vj^pact). or at least an impact 
velocity (V"inpact) which is greater than the impact velocity (V j^p^ct) at which the first broken product is produced. The 
result is thus, as it were, two different broken products at the same time, namely a fine txoken product (188) and a 

10 coarse broken product (187). which moreover are immediately mixed. The combination of the fine product (188) and 
the coarse product (187) here provkles a broken product with a grain size distrikxition (189) which cannot be produced 
directly using a crusher with an undifferentiated arrangement of the rotating impact members (14). In this way. it is basi- 
cally possible to achieve "all possible" grain size distrtoutions. including discontinuous grain size distributions (189). an 
example of which is given here. By making the radial distances (r-j/r") at which the impact members are disposed adjust- 

IS able, it is possible in this way substantially to control the grain size distribution. 

The principle of differentiation can be implemented further with the akJ of the principle of segmentation. 
The material, when it is metered onto the rotor (2), is guided outwards, when seen from the axis of rotation (O), in 
a spiral movement (Sr). when seen from a viewpoint which rotates together with the rotor (2). which spinal movement 
(Sf) is directed backwards, when seen in the direction of rotation. Since the spiral movement (S^) is interrupted by the 
0 guide members (8), there are formed, as shown in Rgure 61 , as it were, feed segments (32) of material which is moving 
outwards in a spiral stream (S^) and is taken up by the central feed (9) of the guide ment>ers (8), from where it is accel- 
erated and flung outwards. As shown, in the event that the start points (33) of the guWe members (8) are situated at 
identical radial distances (Rq) from the axis of rotation (O) and are distributed regularly arourxJ the central part of the 
rotor (2). the granular material from the central part is also distritxited regularly over the various feed segments (32) 

25 between the guide members (8). 

By varying the radial distances (r*) (**) from the axis of rotation (O) to tiie central feed (30)(31 ) of tiie guide members 
(24)(25). as is shown in Rgure 62. the effect is achieved tiiat the feed segments (190)(191). from where the grains are 
fed to the guide members (24)(25), cover different areas, with the result that the various guide members (24)(25) are 
fed with different amounts of material. Less material is taken up by the guide memt>er (24) which is disposed with the 

30 central inlet (30) at a greater radial distance (ro") from the axis of rotation (O) than by tiie guide member (25) which is 
disposed with the central inlet (32) at a shorter radial distance (ro*) from the axis of rotation (O). This makes it possible 
to feed the rotating impact members (16). which are arranged in a differentiated manner at differerrt radial distances 
(r')("), with different amounts of material, with the result that the quantities of coarse and fine broken product which are 
produced can be controlled further, and thus so can the grain size distribution. 

35 The principle of integration means that ttie progress of the wear (192), as tiie spiral (S) shifts, as indicated in Rg- 
ures 63, 64 and 65. which takes place simultaneously along botii the guide surface (193) of the guide member (194) 
and the guide face of the guide member (196), are as far as possible adapted to one anotiier; specifically so that tiie 
wear (195) to the guide member (194) progresses, as it were, synchronously with the wear (192) to the rotating impact 
memt)er (196). so tfiat both elements (1 94)(196) become worn and can be replaced virtually simultaneously. 

w The method of the invention makes it possible to comminute granular material having dimensions t>etween 3 mm 
(or even 1 mm) and at>out 100 mm. it being possible to achieve a high level of comminution: depending on circum- 
stances, a degree of comminution of more than 25. 

To comminute material finer than 1 to 3 mm. the rotor and the stationary impact members must be disposed in a 
chamber (not shown here) in which a partial vacuum can be created, so that there is no hindrance from air resistance 

45 and air movements. An arrangement of this kind makes it possible to achieve extremely great fineness, down to less 
than 5 ^m. with a relatively low power consumption and, by comparison with known systems, with relatively low wear. 

Furthermore, the rotor and the stationary impact member may be disposed in a chamber (not shown here) in which 
a low temperature can be created. This makes it possible to increase considerat)ly the brittleness of certain materials, 
with the result that a much better breaking probability is achieved than at room temperature. 

so The following figures show a number of embodiments according to the method of the invention for devices and a 
rotor for breaking granular nraterial. All the rotors described are equipped here with four guide members and four asso- 
ciated impact members. It is clear that the rotors may be equipped with fewer and, within practical limits, with more 
guide members and associated impact meml>ers. It is also dear that the various components which are described for 
the various devices n^y be combined witii one another in other ways and float all the rotors described may function 

55 without a stationary impact member. 

Rgure 66 and Rgure 67 dagrammatically show a first emtxxJiment. according to the method of the invention, for 
a device for breaking granular material. 

The material to be broken is fed centrally onto the top of ttie rotor (52) via a feed pipe (200). The rotor (52) bears 
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four guide members (58), which are distributed evenly and are disposed at a radial distance around the axis of rotation 
(O). Each of the guide members (58) is provided with a central feed (59), guide lace (60) and delivery end (61). The 
stream of material (Sr) which is metered onto the central part of the rotor (52) Is accelerated with the aid of the relatively 
short guide members (58) in the direction of the rotatable Impact members (64), which are associated with each guide 

5 member (58) and are disposed, at a greater radial distance from the guide members (58), along the edge (201) of the 
rotor (52). and are supported by the said rotor (52). From a coordination system which is fixed with respect to the rotor 
(52), the material, when seen from a viewpoint which moves along with the rotatable impact member (64), moves along 
the spiral path (S) towards the impact fact (65) of the rotatable impact member (64). TTius in this case, when seen in the 
plane of the rotation and when seen from a viewpoint which moves along, the impact face (65) Is directed virtually trans- 

10 versely to the spiral stream (S) of material. After impact against the rotatable impact member (64), the stream of mate- 
rial is accelerated again by the rotatable impact member (64) and is flung at great speed against a stationary armoured 
ring (202), which is arranged around the rotor (52) and is fastened against the outer wall (203) of the crusher housing 
(204). The armoured ring (202) comprises separate segments (205) which are each provided with an Impact iace (206) 
which Is arranged virtually transversely in the straight stream (R) which the material describes when it comes off the 

15 rotatable impact member (65), when seen from a stationary viewpoint. The stationary armoured ring (202) as a whole 
therefore has a sort of knurled shape. In this emtx>diment, a stream (S)(R) of material Is sutsjected to direct multiple 
(double) loading, the impacts taking place at a virtually perpendicular angle. 

Rgure 68 and Rgure 69 diagrammatically show a second embodiment, according to the method of the invention, 
for a device for breaking material. 

20 The material to be broken is metered onto a stationary plate (208) centrally above the rotor (207). via a feed pipe 
(200), which plate interrupts the fall of the stream of material. The material then flows to a following horizontal plate 

(209) situated at a lower level, which is provided in the centre, centrally above the rotor (207), with a round opening 

(210) , through which the material, via an opening (21 2) in the centre of a first rotor blade (21 1 ), is moved onto the meter- 
ing face (213) of a second rotor blade (214). which second rotor blade (214) is supported by the same shaft (215) as 

25 the first rotor blade (211), but has a smaller diameter than the first rotor blade (21 1). The second rotor blade (214) is 
connected to the first rotor blade (21 1) by means of projections (216) which are disposed behind the guide members 
(217). The metering face (213) is designed in the form of an upright cone, so that the material is guided outwards in a 
flowing movement, towards the relatively short guide members (217) which are disposed along the edge (218) of the 
second rotor blade (214). The stream of material (SJ is accelerated with the aid of the guide member (21 7) and is flung 

30 outwards from the delivery end (219) and guided along a spiral path (S), when seen from a viewpoint which moves 
together with the rotor (207), freely through the air in the direction of a rotatable impact member (220) which is associ- 
ated with the said guide member (21 7) and is freely suspended, at a greater radial distance from the axis of rotation (O) 
than the guide member (217), along the bottom of the edge (221) of the first rotor blade (21 1). After the material has 
struck the impact face (222) of the said freely suspended, rotatable impact member (220) and has come off the latter, 

35 the stream of material (R) strikes the collision faces (223) of stationary impact members (224) which stand in the 
straight path (R) which the material now describes, when seen from a stationary viewpoint. These stationary Impact 
members (224) are fastened to the outer wall (225) off the rotor housing (226). The impact face (222) of the rotatable 
inpact members (220) is directed slightly obliquely inwards and slightly obliquely downwards, in such a manner that the 
material is guided, from the periphery (221) which the rotatable impact member (220) describes, obliquely downwards 

40 out of the rotor (207), along a straight, virtually tangential stream (R). The collision faces (223) of the stationary impact 
memt)ers (224) are curved concavely. in accordance with the Involute which the stream (R) describes from the said 
periphery (221), so that the inrpacts of the grains from the stream of material (R), when seen from the plane of the rota- 
tion, take place as far as possible at a perpendicular angle. In the vertical plane (not shown here), the collision face 
(223) can be tilted in such a manner that the impacts take place as far as possible at an angle of between 80 and 85**. 

45 The stationary impact member (227) is an-anged along the bottom of the edge (220) of the rotatable impact members 
(220) and is continued outwards, so that the number of stationary Impact members (224) is limited as far as possible. 
Furthermore, the collision faces (223) are continued upwards to some extent along the outside of the rotatable impact 
members (220), so that there too material can be taken up. The freely suspended, rotatable impact members (220) 
have the advantage that there is no hindrance from retXMjndIng material, while this design permits simple suspension 

50 of the rotatable impact members (220). 

Rgure 70 and Rgure 71 diagrammatically illustrate a third embodiment according to the method of the invention 
for a device for breaking granular material, and at the same time treating the shape of the grain of the broken product. 

The material to be broken is metered onto a stationary plate (230) centrally above the rotor (229). via a feed pipe 
(200). which plate interrupts the fall of the material. The plate (230) is designed in the form of an upright cone, so that 

55 the material is guided further in a flowing nxjvement. The material flows along the plate (230) to a subsequent plate 
(231), which is disposed in the centre, centrally above the rotor (229), and is provided with a round opening (232), 
through which the material is moved evenly onto the metering face (233) of the rotor (229), which metering face (233) 
is likewise designed as an upright cone. The stream of material (Sr) is accelerated along guide members (234) which 
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are disposed along the edge (235) of the rotor (229), arid, from there, in free flight, are guided to the associated impact 
members (236) which, at a greater radial distance from the axis of rotation (O) than the inpact members (234), are fas- 
tened to arms (237) which are siqaported by the rotor (229). After the stream of material (S) has struck the impact face 
(238) of the rotatable impact members (236) and comes off it, the material is guided into a trough structure (239). which 

5 is disposed around the outside of the rotatatrfe impact members (236), with the opening (240) directed inwards. A t>ed 
of the same material (241) builds up in the trough structure (239). against which bed of material the material then 
Impacts. The autogenous action, i.e. the intensive rubbing of the grains against one another, provides a high level of 
cubicity of the broken product. 

As depicted diagrammatically. the stream of material (R). after it comes off the rotatable innpact member (236) . may 

10 be guided, depending on the angle at which the impact face (238) is disposed in the vertical direction, towards the 
autogenous bed (241) respectively in a horizontal movement (241). a movement directed obliquely upwards (242) and 
a movement directed ot)liquely downwards (243). This makes it possit>le to adapt the autogenous process, together 
with the arrangement of the height of the trough structure (239), to the material. In the event of a large number of fine 
particles being formed, the autogenous bed (241) has the tendency to take up too much fine material, with the result 

15 that the bed, as it were, dies. This can t)e partially prevented by arranging the bed somewhat higher and guiding the 
stream of material (242) slightly obliquely upwards into the bed (241). In the event that not so many fine particles are 
formed, the autogenous bed (241) may be arranged at a lower level and the material can be guided into this bed 
obliquely from above (243). so that the autogenous intensity is Increased. For this purpose, the device is equipped with 
a trough structure (239) whose height (244) can be adjusted. 

w Rgure 72 and Rgure 73 diagrammatically show a fourth embodiment according to the method of the invention for 
a device for colliding granular material. 

The material is fed centrally above the rotor (246), via a feed pipe (200), onto a stationary, round plate (245). which 
Is provided along the edge (247) with an upright rim, so that a bed of material is formed on the plate (245). limiting the 
wear to the plate. The stream of material is guided further, along the bed of the same material thus formed, to a rotor 

25 (246) which is designed in accordance with the second embodiment (207). After the stream of material comes off the 
rotatable impact member (220). it is guided further to collision faces (248) of stationary Impact memt)ers (251). which 
are fastened around the outside of the rotatable inpact members (220). along the wall (250) of the crusher housing 
(249). The collision faces (248) are curved in accordance with the involute which the stream of material (R) describes 
from the periphery which the rotatat)le impact members (220) describe. In the vertical plane (not shown here), the col- 

30 lislon faces (248) can be an-anged slightly inclined towards the rear, so that the stream of material (R). which is directed 
slightly obrfiquely downwards (252) from the impact face (222), strikes this collision face (248) virtually perpendiculariy. 
Horizontal plates (253) may be fastened along the bottom of these stationary innpact members (251 ). This results in the 
formation, below and along the front of the involute collision face (248). of a rim (254) on which material accumulates 
and. therefore, twjilds up an autogenous bed against the involute collision face (248). This design, which, by making the 

35 plates (253) along the tx>ttom of the stationary impact members (251) removable, can be used in accordance with the 
steel-on-steel principle and the steel-on-stone principle, thus makes it possble largely to protect the collision face (248) 
from wear, while nevertheless bringing about an Intensive working of the material. 

Figure 74 and Figure 75 show a fifth emtxxflment according to the method of the invention of a rotor (52) which is 
provided with a preliminary guide member and a sut>sequent guide member. 

40 The rotor (255) is similar to the rotor (207) which is described in the second embodiment, tnit is provided with pre- 
liminary guide members (257), which are associated with the guide members (217) and extend from a central inlet 
(258). which is positioned In the direction of rotation immediately b)ehind the central feed (259) of the guide member 
(217). in a direction of the central feed (260) of the guide member (261) which follows in the direction of rotation. The 
preliminary guide face (262) of the preliminary guide member (257) is curved along the natural spiral stream (S^) which 

45 the material describes at that location on the rotor (255), the delivery location (263) of the preliminary guide member 
(257) lying at a greater radial distance (264) from the axis of rotation (O) than (265) the central inlet (258). Furthermore, 
a subsequent guide member (264) Is disposed on the outside, i.e. in the direction of rotation along the front of the spiral 
path (S) which the material describes between the guide member (21 7) and the impact member (220). The aim of the 
preliminary guide member (257) and the subsequent guide member (264) Is to guide the material more effectively along 

50 the respective spiral streams (Sr)(S), and to prevent, at least as far as possble, material from moving along the outside 
of this stream. 

Rgure 76 and Rgure 77 show a sixth embodiment according to the method of the invention of a rotor (265) in 
which the guide memt>ers (266) can be disposed at different radial distances from the axis of rotation (O). 

The rotor (265) is essentially similar to the rotor (207) which is described in the second embodimerrt. with the 
55 exception of the impact members (220)(267). due to the fact that two impact members (267). which are arranged oppo- 
site one another and are fastened to the first rotor blade (21 1) along the bottom of the outer edge (221). are adjustable, 
so that they can be disposed at different (268). but. with regard to the balancing, equal radial distances from the axis of 
rotation (O) by comparison with the other two inpact members (220) arranged opposite one another. At the same time. 
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by selecting the guide member (217), the mutually opposite central feeds of the guide members (217) can be disposed 
at different radial distances (267)(268) from the axis of rotation (O). A rotor (265) of this kind makes it possible to dis- 
tribute the stream of material which is metered onto the rotor (265) in different quantities to the associated guide mem- 
bers (2 1 7)(269), from which guide members (21 7)(269) the respective streams are guided to rotatable impact members 

5 (220)(267). which are disposed at different radial distances (267)(268) from the axis of rotation (O), so that the grains 
from the respective streams impact at different velocities. As a result, the different streams are sul)jected to different 
loads. This makes it possible to control to a large extent the grain size distribution of the broken material. 

Rgure 78 and Figure 79 show a seventh embodiment according to the method of the invention in which the guide 
members (270) are pivotaWy suspended. 

10 The rotor (271) is essentially similar to the rotor (229) which is described in the third errdaodiment. with the excep- 
tion of the pivoting guide members (270). which are fastened to the rotor (271) by a vertical hinge (272). at a distance 
from the axis of rotation (O), the pivot point (273) lying at a shorter distance from the axis of rotation (O) than the mass 
centre (274) of the pivoting guide member (270). The delivery end (275) of a pivoting guide member (270) of this kind 
may, in the plane of the rotation, execute a certain level of reciprocating movement (277). urxler the effect of the varying 

15 loading of the stream {S^XSQ of material which is guided along the guide face (276) of the rotatable impact member 
(270). with the result that the impacts against the impact face (238) of the rotatable inpact member (236) are spread to 
a certain extent, so that a more even wear pattern is obtained on this impact face (238). The magnitude of the recipro- 
cating movement (277) can be controlled by selecting the distance (278) between the axis of rotation (O) and the mass 
centre (274). the reciprocating movement (277) increasing as this distance is made shorter. Furthermore, it is possible 

20 to limit the reciprocating movement (277) in the respective directions. 

Rgure 80 and Rgure 81 show an eight embodiment according to the method of the invention of a rotor (279) which 
is designed with an S>shaped guide member (280), in which a jet of air is guided along the impact face (221 ). 

The rotor (279) is essentially similar to the rotor (207) described in the second embodiment, with the exception of 
the guide members (280). which are designed differently, while air-guidance members (281) are disposed above the 

25 impact members (220). The guide members (280) are designed with a central feed (282). which lies virtually as an 
extension of the spiral movement which the material describes at that location on the rotor (279). which centra! feed 
(282) is bent forwards in the direction of rotation and merges seamlessly into a straight guide face (283) which is 
directed slightly backwards in the direction of rotation, which guide face (283) merges seamlessly into a delivery end 
(284) which is bent backwards in the direction of rotation, and specifically is bent so far that tiiis delivery end (284) lies 

30 virtually as a "natura" continuation of the spiral path (S) which the material describes between tiie guide member (280) 
and the impact member (220). A guide member (280) of this kind means that the material is taken up uniformly by the 
central feed (282) and is guided in a flowing movement to the guide lace (283). Since the guide face (283) is directed 
slightly backwards, the stream of material (S,) is directed, but it is not accelerated too much. The material comes off the 
backwardly bent delivery end (284) in a virtually "natura" manner, and is guided in the intended, essentially delerminis- 

35 tic patii (S) at a relatively low velocity. Slot-like openings (286) are an-anged in the first rotor blade (211). along the front 
of the impact faces (221 ) of the rotatable inrpacl members (220), above which openings a tube (287) is an^anged. with 
the opening (302) in the direction of rotation, through which opening (302), during the rotational movement, air is taken 
up. which air is blown through the slot-like opening (286) at great speed, along the impact face (221 ) from the top down- 
wards. This achieves the effect that the material, after inpact. is moved in a stream which is directed downwards, as far 

40 as possible perpendicularly, when seen from a viewpoint which moves together with the impact face (221). 

Figure 82 and Rgure 83 show a ninth embodiment according to the method of the invention of a rotor (288). 
The rotor (288) comprises two rotor blades (289)(290), which are supported by the same shaft (291) and have the 
same diameter. The first, upper rotor blade (290) is provided in the centre with an opening (292), through which the 
material can be metered onto the metering face (293) of the second rotor blade (289). This metering face (293) is 

45 designed in the form of an upright cone. Between the rotor blades (289)(290) tiiere are clamped, as it were, four guide 
members (294) with associated preliminary guide members (295) and subsequent guide members (296) and impact 
members (297), at respectively greater radial distances from the axis of rotation (O). The two rotor blades (289)(290) 
are connected to one anotiier by projections (297)(298). which are disposed behind the guide members (294)(298) and 
impact members (267)(297). Along the edge (299) of the second rotor blade (289). segment-like sections (301) are 

so taken out of the second rotor blade (289) along the front of the impact faces (300), so that the material is not Impeded 
when it is guided out of tiie rotor (290) from the impact faces (300). The first rotor blade (290) is equipped witti air-guid- 
ance members (281), as described In the embodiment with the S-shaped guide members (279). 

It will be apparent to those skilled in the art that various changes in the structure and relative arrangement of parts 
may be made without necessarily departing from the scope of hte present invention as defined in the claims appended. 

55 The following notations have been used in tiie text and are explained as follows. 

e = Included angle between the radial line on which is situated the location (W) where the said as yet uncollided 
sti^eam of material (S) leaves (r^) the said guide member and the radial line on which is situated the location (T) 
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where the said as yet uncoUkJed stream of material (S) strikes the rotating impact member (r). when seen from a 
viewpoint which moves along and on the understanding that a negative value of this angle (0) indicates a rotation 
in the opposite direction to the rotation of the said guide member. 

p = the said included angle of inpact with the said impact face, at the location where the said as yet uncoilided 
5 stream of material hits the said impact face, when seen from a viewpoint which moves together with the said rotat- 

ing impact member. 

P' = the said included angle with the said impact face, at the location where the said as yet uncoilided stream of 
material hits the said inpact face, when seen in the plane of the rotation, and when seen from a viewvpoint which 
moves together with the said rotating impact mender, forms with the line which is directed perpendicular to the said 
10 radial line on which is situated the location where the said as yet uncoilided stream of material leaves the said guide 
member 

P" = the said included angle of impact with the said impact face, when seen in the plane of the rotation, at the loca- 
tion where the said as yet uncoilided stream of material hits the said impact face, when seen from a viewpoint which 
moves together with the said rotating impact member. 
75 p"* = the said included angle of impact with the said impact face, when seen from the plane directed perpendicular 
to the plane of rotation at tfie location where the said as yet uncoilided stream of material hits the said impact face, 
when seen from a viewpoint which moves together with the said rotating impact member. 

Vroi = relative velocity of the movement of the stream of material, when seen from a viewpoint which moves 
together with the said rotating impact member 
^ V|^3^ = relative velocity at which the said as yet uncoilided stream of material strikes the said impact face, when 
seen from a viewpoint which moves together with the said rotating impact member 

Vabs = ak>solute velocity of the said as yet uncoilided stream of material on leaving the said guide member, when 
seen from a stationary viewpoint 

yff = radial velocity component of the absolute velocity {vg^) 
25 V, = transverse velocity component of the absolute velocity (Vg^^^) 

y\ = transverse velocity component of the absolute velocity (Vabs) at a greater radial distance from the axis of rota- 
tion than the location where the stream of material leaves the guide member 

vV = radial velocity component of the absolute velocity (v^^^) at a greater radial distance from the axis of rotation 
than the location where the stream of material leaves the guide member 
30 Vr = radial velocity conponent of the relative velocity (Vrei) at the moment at which the stream of material leaves 
the guide member and is equal to Vr 

V\ = radial velocity component of the relative velocity {V^^d at a greater radial distance from the axis of rotation than 
the location at which the stream of material leaves the guide member and is equal to vV 

V'V = radial velocity component of the relative velocity (V^i) at a radal distance from the axis of rotation where the 
35 relative velocity (Vrei) of the stream of material is equal to Vabs 

V\ = relative transverse velocity component of the relative velocity (V) at a greater radial distance from the axis of 
rotation than the location where the stream of material leaves the guide memt>er 

Vfip = peripheral velocity of the said location where the said as yet uncoilided stream of material leaves the said 
guide member (tip velocity) 

^ V'yp = peripheral velocity of the said location where the said collided material is situated after it leaves the said 
guide member (relative tip velocity), when seen from a viewpoint which rotates together with the said rotating 
impact member 

r = the radial distance from the said axis of rotation to the location where the said stream of tiie said as yet uncoi- 
lided material and the path of the said rotating impact member intersect one another 
45 = the radial distance from the said axis of rotation to the location where the said as yet uncoilided stream of mate* 

rial leaves the said guide member 

Tq = the radial distance from the axis of rotation to the location where the central feed is situated closest to the axis 
of rotation 

r^ = the radial distance from the axis of rotation to the location where the central feed merges into the guide face 
so r = radial component of the said impact velocity 

re s transverse component of the said impact velocity 

a = the included angle between, on the one hand, the velocity of the location where the said as yet uncoilided 
stream of material leaves the sad guide men*>er (tip velocity), equal in size to the product of the angular velocity 
(a) and the radial distance from the said axis of rotation to the location where the said as yet uncoilided material 
55 leaves (r,) the said guide member, and. on ttie other hand, the absolute velocity (VabJ of the said as yet uncoilided 
stream of material on leaving the said guide member 

oo = the included angle between the radial line on which is situated the location where the sti-eam of material leaves 
the guide member and tiie movement of the stream of material at the moment at which it leaves the guide member 
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<l> = the angle between the said radial line on which is situated the location where the said as yet uncollided stream 
of material leaves the said guide member (the said tip of the said guide member), when seen from a stationary posi- 
tion at the moment at which the said as yet uncoilided stream of material leaves the said guide mennber, and the 
radial line to the location where the said as yet uncollided material hits the said rotating impact member for the first 

5 time, when seen from a stationary position 

ff = the ratio of, on the one hand, the magnitude of the velocity of the location on the guide member where the said 
as yet uncollided stream of material leaves the said guide member (tip velocity) and. on the other hand, the mag- 
nitude of the component of the absolute velocity (v^bs) the said as yet uncollided stream of material parallel to 
the tip velocity, i.e. the product of cos(a) and the magnitude of the afc)solute velocity [Vg^ on leaving the said guide 

10 member 

p = the path covered by the said as yet uncollided stream of material from the said location where the said as yet 
uncollided stream of material leaves the said guide member to the said location where the said as yet uncollided 
stream of material strikes the said rotating impact member 

= minimum length of the central feed, which is given as the difference between the radial distance from the axis 

IS of rotation (ro) to the location where the central feed is situated closest to the axis of rotation and the radial distance 
from the axis of rotation (rc) to the location where the central feed merges into the guide face 
£g s the minimum length of the guide face, which is given as the difference between the radial distance from the 
axis of rotation (r^) to the location where the central feed merges into the guide face and the radial distance from 
the axis of rotation to the location where the guide face merges into the delivery end 

20 X = the angle tjetween the radial line on which is situated the location where the central feed is situated closest to 
the axis of rotation and the radial line on which is situated the location where the material hits the guide mennber 
which follows in the direction of rotation 

Va = the radial velocity component of the grain on the rotor at a radial distance (ro) from the axis of rotation where 
the central feed is situated closest to the axis of rotation 
25 Cl= the angular velocity of the rotor 

R = the straight stream which the material describes after it comes off the guide member, when seen from a sta- 
tionary vi^A^int 

Rc = the stream which the material describes on the central part of the rotor before it is taken up by the central feed, 
when seen from a stationary viewpoint 
30 Rb = the steam which the material describes along the guide member, when seen from a stationary viewpoint 

S = the spiral stream which the material describes after it comes off the guide member, when seen from a viewpoint 
which moves together with the said rotating Impact member 

Sc = the spiral stream which the material describes on the central part of the rotor before it is taken up by the central 
feed, when seen from a viewpoint which moves together with the said impact member 
35 S|> = the stream which the material describes along the guide member, when seen from a viewpoint which moves 
together with tfie rotating member 

K s the angle between the radial line on which is situated the location where the central feed is situated closest to 
the axis of rotation and the radial line on which is situated the location where the material leaves the guide member 
^ = the angle on which are situated the radial lines to the locations on the delivery end. where the material leaves 
40 the pivoting guide member, which are situated furthest forwards and furthest backwards in the direction of rotation 

Claims 

1- Method for making a stream of granular material collide in a rotating system which is disposed horizontally and 
45 rotates about a vertical shaft (I), with the aid of a rotating impact member (14). comprising the steps of: 

feeding the said stream of material (Sc) to the central feed (9) of a guide member (8), which rotates about the 
axis of rotation (O) of the said rotating system: 

guiding the said fed stream (Sc) of material from the said central feed (9). along the guide face (10). to the deliv- 
so ery end (1 1) of the said guide member (8), which delivery end (1 1) is situated at a greater radial distance from 

the said axis of rotation (O) than the said central feed (9). in such a manner that the said guided stream of 
material comes off the said guide member (8) with at least a radial velocity component (vj and is guided In an 
essentially deterministic straight stream (R). when seen from a stationary viewpoint, and in an essentially 
deterministic spiral stream (S). when seen from a viewpoint which moves together with the said guide member 
55 (8); 

using the said rotating impact member (1 4) to hit the said material which is moving in the said essentially deter- 
ministic spiral stream (S) and has not yet collided, which rotating impact member (14) is provided with an 
impact face (15) and rotates in the same direction, at the same angular velocity {CI) and about the same axis 
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of rotation (O) as the said guide member (8). at a hit location (T) which is behind, when seen in the direction of 
rotation, the radial line on which is situated the location (W) where the said as yet uncollided stream of material 
leaves the said guide member (8). and at a greater radial distance from the said axis of rotation (O) than the 
location at which the said as yet uncollided stream of material leaves the said guide memt^er (8). the position 
of which hit location (T) is determined by selecting the angle (0) between the radial line on which is situated the 
location (W) where the said as yet uncollided stream of material leaves the said guide member (8) and the 
radial line on which is situated the location where the stream (S) of the said as yet uncollided material and the 
path (C) of the said impact face (15) intersect one another in such a manner that the arrival of the said as yet 
uncollided stream (S) of material at the location where the said stream (S) and the said path (C) intersect one 
another is synchronized with the arrival at the Scime location of the said innpact face (15). 

Method according to Claim 1. comprising the steps of: 

metering the said stream of material onto a horizontally disposed metering face (3). which rotates in the same 
direction, at the same angular velocity (O) and atx)ut the same axis of rotation (O) as the said system, in a 
region dose to the said axis of rotation (O); 

guiding the said metered material, when seen from a viewpoint which moves together with the said metering 
face (3). onto the said rotating metering face (3). in a spiral stream (Sc) which is as far as possible natural and 
moves outwards, when seen from the said axis of rotation (O); 

feeding the said metered material moving in the said natural, spiral stream (SJ from the said rotating metering 
face (3) to the central feed (9) of a guide member (8). which cenfral feed (9) is situated at a radial distance from 
the said axis of rotation (O) and rotates in the same direction, at the same angular velocity (Q) and about the 
same axis of rotation (O) as the said metering face (3). 

Method according to Claim 1, comprising the steps of: 

metering the said stream of material onto a horizontally disposed metering face (3). which rotates in the same 
direction, at the same angular velocity (n) and atx>ut the same axis of rotation (O) as the said system, in a 
region dose to the said axis of rotation (O); 

guiding the said metered material, when seen from a viewpoint which moves together with the said metering 
face (3), onto the said rotating metering face (3), in a spiral stream (Sc) which is as far as possible natural and 
moves outwards, when seen from the said axis of rotation (O): 

distributing the said metered material moving in tiie said natural, spiral stream (S<^ from the said metering face 

(3) to the central inlet (5) of a preliminary guide member (4). which rotates in the same direction, at the same 
angular velocity (Q) and about the same axis of rotation (O) as the said metering face (3); 

the preliminary guidance of the said distrit)uted stream (SJ of material from tiie said central inlet (5). along the 
preliminary guide face (6). to the delivery location (7) of the said preliminary guide member (4), which is dis- 
posed along at least a section of the outside, when seen from the direction of rotation, of the said natural, spiral 
stream (S^) which the said material on the said metering face (3) describes, which preliminary guide member 

(4) extends from tiie said central inlet (5) outwards, when seen from the axis of rotation (O), in a direction which 
is essentially opjposite to the direction of rotation of the said rotating metering face (3) , towards the said delivery 
location (7), which is directed towards the central feed (9) of a guide member (8), which rotates in the same 
direction, at the same angular velocity (a) and atK>ut the same axis of rotation (O) as the said preliminary guide 
member (4). which delivery end (1 1) is situated at a greater radial distance from the said axis of rotation (O) 
than the said central inlet (5), the distance between the said delivery location and the said central feed (9) 
being at least suffidentty large for the said sti-eam of material to be at>le to be fed unimpeded to the said central 
feed (9) and the radial distance from the said axis of rotation (O) to the said central feed (9) is no greater than 
the corresponding radial distance to the said delivery location (7). 

Method according to one of the preceding Claims, comprising the step of: 

feeding the said material nrK)ving in tfie said natural, spiral stream (Sc) to the central feed (9) of a guide member 
(8). which central feed (9) is situated at a radial distance from the said axis of rotation (O) and rotates in the 
same direction, at the same angular velocity (O) and about the same axis of rotation (O) as ttie said metering 
face (3) and is disposed in the said natural, spiral stream (Sc). when seen from a viewpoint whidi moves 
together with the said central feed (9), and extends as far as the outer edge (19) of the said natural, spiral 
stream (Sc). at the location of the said central feed (9). when seen from the said axis of rotation (O). 
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5. Methcxj according to one of the preceding Claims, comprising the step of: 

feeding the said material moving in the said natural, spiral stream (S^) to the central feed (9) of a guide member 
(8), which central feed (9) is situated at a r^ial distance from the said axis of rotation (O) and rotates in the 

5 same direction, at the same angular velocity (Q) and about the same axis of rotation (O) as the said metering 

face (3) and is disposed in the said natural, spiral stream (Sc). when seen from a viewpoint which moves 
together with the said central feed (9). and extends as far as the outer edge (19) of the said natural, spiral 
stream (Sc). at the location of the said central feed (9). when seen from the said axis of rotation (O). the width 
(^c) of the said spiral stream (SJ at the location of the central feed (9), i.e. the difference between the radial 

10 distance from the said axis of rotation (O) to the start of the said central feed (9) and the corresponding radial 

distance to the end of the said central feed (9), determining the length (^c) of the said central feed (9), which 
length (i^) essentially satisfying the equation: 



xVa 

in which: 



15 ^c--ci 



/c = minimum length of the central feed, which is given as the difference between the radial distance from 
20 the axis of rotation (ro) to the location where the central feed is situated closest to the axis of rotation and 

the radial distance from the axis of rotation (r^) to the location where the central feed merges into the guide 
face 

X - the angle between the radial line on which is situated the location where the central feed is situated 
closest to the axis of rotation and the radial line on which is situated the location where the material hits 
25 the guide member which follows in the direction of rotation 

Va = the radial velocity component of the grain on the rotor at a radial distance (ro) from the axis of rotation 
where the central feed is situated closest to the axis of rotation 
n = angular velocity of the said guide member 

30 6. Method according to one of the preceding Claims, comprising the step of: 

guiding the said fed stream of material from the said central feed (9), along the said guide face (10), to the said 
delivery end (1 1) of the said guide member (8). which delivery end (1 1) is situated behind, when seen in the 
direction of rotation, the radial line on which is situated the said central feed (9). which guide merrier (8) 

35 rotates at an angular velocity (Q) which is at least sufficiently great, is designed with a guide face (10) which 

has a length (i^) which is at least sufficiently great and of which the said delivery end (11) is situated at a loca- 
tion at a radial distance (r-i) from the said axis of rotation (O) which is at least sufficiently greater than the radial 
distance (r©) to the start point of said central feed (9) for the said fed stream of material to develop along the 
said guide face (10) a take-off velocity (Vq^s) which is at least sufficiently great, with a radial velocity component 

40 (Vf) which is at least sufficiently great in relation to the transverse velocity component (v^), for the said guided 

stream of material to come off the said guide member (8) from a predetermined take-off location (W). at a pre- 
determined take-off angle (a), which is greater than 0**, when seen from a stationary viewpoint, which is no 
longer affected by the angular velocity (Q) and to be guided in an essentially deterministic straight stream (R), 
when seen from a stationary viewpoint, and in an essentially deterministic spiral stream (S), when seen from 

45 a viewpoint which moves together with the said guide member (8). 



7. Method according to one of the preceding Claims, comprising the step of: 



guiding the said fed stream of material from the saki central feed (9), along the said guide face (10), to the said 
so delivery end (1 1) of the said guide member (8)(173), which has in longitudinal direction, a layered structure 

with the evenly distributed layers, which successive layers have, from top to bottom, alternate higher (312) and 
lower (31 1) wear resistance, the top layer (310) and the bottom layer (313) having a higher wear resistance, 
resulting during operation in an evenly waved wear pattern, developing evenly distributed longitudinal guide 
channels (314) along the layers with the lower wear resistance layer (31 1), for guiding the material along the 
55 said guide member (8)(1 73), which guide member (1 73) rotates at an angular velocity (Q) which is at least suf- 

ficiently great, is designed with a guide face (10) which has a length (ic) which is at least sufficiently great and 
of which the said delivery end (1 1) is situated at a location at a radial distance (ri) from the said axis of rotatbn 
(O) which is at least sufficiently greater than the radial distance (ro) to the start point of said central feed (9) for 
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the said fed stream of materiaf to develop along the said guide face (10) a take-off velocity (v^tJ which is at 
least sufficiently great, with a radial velocity component (v^) which is at least sufficiently great in relation to the 
transverse velocity component (vj. for the said guided stream of material to come off the said guide ment>er 
(8)(173) from a predetermined take-off location (W). at a predetermined take-off angle (a), which is greater 
5 than 0*". when seen from a stationary viewpoint, which is no longer affected by the angular velocity (CI) and to 

be guided in an essentially deterministic straight stream (R), when seen from a stationary viewpoint, and in an 
essentially deterministic spiral stream (S). when seen from a viewpoint which moves together with the said 
guide member (8)(1 73). 

10 8. Method according to one of the preceding CIainr«, comprising the step of : 

when the said guided stream of material comes off the said guide memt^er (8) from the said predetermined 
take-off location (W), at the said predetermined take-off angle (a), at a take-off velocity (v^bs) to be selected 
with the aid of the angular velocity (Q). guiding the said ^ided material in an essentially deterministic straight 
15 stream (R), when seen from a stationary viewpoint, the direction of which straigfit stream (R) is not significantly 

affected by the angular velocity (CI) of the said guide member (8), along which straight stream (R) the velocity 
(Vabs) of the said material remains essentially constant and which straight stream (R), in the plane of the rota- 
tion, has a direction towards the outside, when seen from the said axis of rotation (O). and towards the front, 
when seen in the direction of rotation, the said take-off velocity (Vabs) being at least sufficiently great for the said 
straight stream (R) in the space immediately outside the periphery described by the said rotating guide mem- 
ber (8) not to be significantly affected by the force of gravity, the air resistance and any air nrK>vements. 

9. Metfiod according to one of the preceding Claims, comprising the step of: 

25 - when the said guided stream of material comes off the said guide member (8), from the said predetermined 
take-off location {\N), with the said radial velocity component (v^) of the said take-off velocity (Va^s) to be 
selected with the aid of the angular velocity (n). guiding the said guided material in an essentially deterministic 
spiral stream (S). which spiral stream (S) is not significantly affected by the angular velocity (O) of the said 
guide member (8), along which spiral stream (S) the said material is accelerated in relative terms in the direc- 

30 tion of the said impact face (15), when seen from a viewpoint which moves together with the said impact face 

(15). which spiral stream (S), in the plane of the rotation, has a direction towards the outside, when seen from 
the axis of rotation (O), and towards the rear, when seen in the direction of rotation, the said take-off velocity 
(Vabs) fc>eirig at least sufficiently great for the said spiral stream (S) in the space directly outside the periphery 
described by the said rotating guide member (8) not to t>e significantly affected by the force of gravity, the air 

35 resistance and any air movements. 

10. Method according to one of the preceding Claims, comprising the step of: 

when the said guided stream of material comes off the said guide member (8). from the said predetermined 

o take-off location (W). with the sakJ radial velocity component (v^) of the said take-off velocity (Vat^) to be 

selected with the aid of the angular velocity (n), guiding the said guided material in an essentially deterministic 
spiral stream (S). which spiral stream (S) is not significantly affected by the angular velocity (O) of the said 
guide member (8), along which spiral stream (S) the said material is accelerated in relative terms in the direc- 
tion of the said impact face (15). when seen from a viewpoint which moves together with the said impact face 

^5 (15). which spiral stream (S). in the plane of the rotation, has a direction towards the outside, when seen from 

the axis of rotation (O), and towards the rear, when seen in the direction of rotation, the said take-off velocity 
(Vabs) being at least sufficiently great for the said spiral stream (S) in the space directly outside the periphery 
described by the said rotating guide member (8) not to be significantly affected by the force of gravity, the air 
resistance and any air movements, the air In the cylindrical space (20) between the said delivery end (11) and 

50 the said rotating impact member (1 4) k>eing set in motion, with the aid of the said guide member (8), in such a 

manner that this air moves outwards at approximately the same radial velocity as the said material moving in 
the said spiral stream (S). and rotating in roughly the same direction, at the same angular velocity (O) and 
about the same axis of rotation (O) as the said rotating irrpact member (14), and the effect of air movements 
in the said cylindrical space (20) on the movement of the said sti^eam of material being limited as far as possi- 

55 We. 

1 1 . Method according to one of tiie preceding Claims, comprising the step of: 
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subsequently guiding the said material moving in the said spiral stream (S) in the direction of the said impact 
face (15), with the aid of a subsequent guide member (12), the subsequent guide face (13) of which extends, 
along at least a section of at least one side of the said spiral stream (S), from a subsequent guidance start (22) 
outwards* when seen from the axis of rotation (O). in a direction which is essentially opposite to the direction 

5 of rotation of the said rotating metering face (3), towards a subsequent guidance end (21), which lies at a 

greater radial distance from the said axis of rotation (O) than the said subsequent guidance start (22) and, 
when seen in the direction of rotation, lies behind the radial line on which is situated the location at which the 
said subsequent guidance start (22) is situated, the said subsequent guidance start (22) being disposed at a 
radial distance from the said axis of rotation (O) which Is greater than the con-esponding radial distance to the 

10 said delivery end (1 1), in such a manner that the said stream of material can come off the said delivery end 

(1 1 ) without being impeded and can be taken up by the said subsequent guide member (12), and the said sub- 
sequent guidance end (21) being disposed at a radial distance from the said axis of rotation (O) which is less 
than the corresponding radial distance to the said impact face (15). in such a manner that the said subse- 
quently guided stream of material can come off the said subsequent guidance end (21) without hindrance and 

15 can reach the said impact face (1 5) and come off the latter. 

12. Method according to one of the preceding Claims, comprising the step of: 

using the said rotating impact member (14), which is situated entirely behind, when seen in the direction of 
20 rotation, the radial line on which is situated the location at which the said as yet uncollided stream of material 

leaves the said guide member (8), to hit the said as yet uncollided material moving in the said essentially deter- 
ministic spiral stream (S), which hitting takes place at a predetermined hit location (T), at a predetermined 
impact angle (p) and at an impact velocity (Vj^^pact) to be selected with the aid of the angular velocity (O) , which 
hit location (T) which lies behind, when seen in the direction of rotation, the radial line on which is situated the 
25 location (W) where the said as yet uncollided stream of material leaves the said guide member (8). and at a 

greater radial distance from the said axis of rotation (O) than the location (W) at which the said as yet uncol- 
lided stream of material leaves the said guide member (8). the position of which hit location (T) is determined 
by selecting the angle (0) between the radial line on which is situated the location (W) where the said as yet 
uncollided stream of material leaves the said guide member (8) and the radial line on which is situated the loca- 
30 tion where the stream of the said as yet uncollided material and the path (C) of the said impact face (1 5) of the 

said rotation impact member, (14) intersect one another in such a manner that the arrival of the said as yet 
uncollided stream (S) of material at the location where the said stream (S) and the said path (C) intersect one 
another is synchronized with the arrival at the same location of the said impact face (15), which angle (0) is 
unambiguously related to the radial distance (r) from the said axis of rotation (O) to the said hit location (T). 
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13. Method according to one of the preceding Claims, comprising the step of: 



after the said stream of material has collided for the first time with the said impact face (1 5) of the said rotating 
impact member (14) and has come off the said impact face (15), guiding the said material, which has collided 
^0 once, in a straight stream (R^), when seen from a stationary viewpoint which straight stream (RJ. in the plane 

of the rotation, has a direction which is inclined fonwards at an angle (p"), when seen in the said direction of 
rotation, and is Inclined outwards, when seen from the said axis of rotation (O). 



14. Method according to one of the preceding Claims, comprising the step of: 



45 



after the said stream of material has collided for the first time with the said impact face (15) of the sakJ rotating 
impact member (1 4) and has come off the said impact face (1 5), guiding the said material, which has collided 
once, in a straight stream (Rf), when seen from a stationary viewpoint, which straight stream (RJ, in the plane 
of the rotation, has a direction which is inclined forwards at an angle (p"), when seen in the said direction of 
50 rotation, and is inclined outwards, when seen from the said axis of rotation (O) and is inclined outwards, when 

seen from said plane of the rotation. 

15. Method according to one of the preceding Claims, comprising the step of: 

55 - immediately after the first impact, hitting the said material, which has collided once and is moving in the said 
straight stream (R,). for a second time with a collision face (17) of a stationary impact member (16) which is 
disposed in the straight stream (R^) which the said material describes, when seen from a stationary viewpoint, 
at a location outside at least one side of a cylindrical space (20) which is defined by the said rotating impact 
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mender (14) and in which the said rotating impact mender (14) rotates. 

16. Method combining any of the aspects according to the preceding Claims. 

5 17. Method according to one of the preceding Claims, for making a stream of material collide twice, in immediate suc- 
cession, in a partially rotating, horizontally disposed system, with the aid of a rotating impact mender (14) and a 
stationary impact member (16). conprising the steps of: 

metering the said stream of materia! onto a horizontally disposed metering face (3). which rotates in the same 
10 direction, at the same angular velocity (O) and about the same axis of rotation (O) as the said system, in a 

region dose to the said axis of rotation (O); 

feeding the said materia! moving in the said natural, spiral stream (Sc) to the central feed (9) of a guide member 
(8), which central feed (9) is situated at a radial distance from the said eixis of rotation (O) and rotates in the 
same direction, at the same angular velocity (Q) and about the same axis of rotation (O) as the said metering 

15 face (3) and is disposed in the said natural, spiral stream (SJ. when seen from a viewpoint which moves 

together with the said central feed (9). and extends as far as the outer edge (19) of the said natural, spiral 
stream (Sc). at the location of the said central feed (9), when seen from the said axis of rotation (O); 
guiding the said fed stream of material from the said central feed (9), along the said guide face (10). to the said 
delivery end (11) of the said guide member (8), which delivery end (1 1) is situated behind, when seen in the 

!0 direction of rotation, the radial line on which is situated the said central feed (9), which guide member (8) 

rotates at an angular velocity (CI) which is at least sufficiently great is designed with a guide face (10) which 
has a length {i^) which is at least sufficiently great and of which the said delivery end (1 1) is situated at a loca- 
tion at a radial distance (r^) from the said axis of rotation (O) ¥vhich is at least sufficiently greater tKian the radial 
distance (ro) to the start point of said central feed (9) for the said fed stream of material to develop along the 

25 said guide face (1 0) a take-off velocity {Vq^) which is at least sufficiently great, with a radial velocity component 

(Vr) which is at least sufficiently great in relation to the transverse velocity component (v^). for the said guided 
stream of material to come off the said guide member (8) from a predetermined take-off location (W), at a pre- 
determined take-off angle (a), which is greater than 0°. when seen from a stationary viewpoint, which is no 
longer affected by the angular velocity (Q) and to be guided in an essentially deterministic straight stream (R). 

30 when seen from a stationary viewpoint, and in an essentially deterministic spiral stream (S). when seen from 

a viewpoint which moves together with the said guide member (8); 

when the said guided stream of material comes off the said guide member (8), from the said predetermined 
take-off location (W). with the said radial velocity component (Vr) of the said take-off velocity (Vq^ to be 
selected with the aid of the angular velocity (Q), guiding the said guided material in an essentially deterministic 
35 spiral stream (S). which spiral stream (S) is not significantly affected by the angular vek>city {CI) of the said 

guide member (8). along which spiral stream (S) the said material is accelerated in relative terms in the direc- 
tion of the said impact face (1 5), when seen from a viewpoint which moves together with the said impact face 
(15). which spiral stream (S). in the plane of the rotation, has a direction towards the outside, when seen from 
the axis of rotation (O), and towards the rear, when seen in the direction of rotation, the said take-off velocity 
(Vabs) being at least sufficiently great for the said spiral stream (S) in the space directly outside the periphery 
descrlt^ed by the said rotating guide member (8) not to be agnif icantly affected by the force of gravity, the air 
resistance and any air movements; 

using the said rotating impact member (14). which is situated entirely behind, when seen in the direction of 
rotation, the radial line on which is situated the location at wrtiich the said as yet uncollided stream of material 

45 leaves the said guide member (8). to hit the said as yet uncollided material moving in the said essentially deter- 

ministic spiral stream (S), which hitting takes place at a predetermined hit location (T). at a predetermined 
impact angle (p) and at an Impact velocity (Vj^ct) to be selected with the aid of the angular velc)city (Q), which 
hit location (T) which lies behind, when seen in the direction of rotation, the radial line on which is situated the 
location (W) where the said as yet uncollided stream of material leaves the said guide member (8), and at a 

so greater radial distance from the said axis of rotation (O) than the k>cation (W) at which the said as yet uncol- 

lided stream of material leaves the said guide member (8). the position of which hit location (T) is determined 
by selecting the angle (0) between the radial line on which is situated the location (W) where the said as yet 
uncollided stream of material leaves the said guide memk)er (8) and the radial line on which is situated the loca- 
tion where tiie stream of ttie said as yet uncollided material and the patfi (C) of the said impact face (1 5) of ttie 

55 said rotation impact member, (14) intersect one another in such a manner that the anival of tfie said as yet 

uncollided stream (S) of material at tfie location where the said stream (S) and the said patio (G) intersect one 
another is synchronized with the arrival at the same location of the said impact face (15), which angle (0) is 
unambiguously related to the radial distance (r) from the said axis of rotation (O) to the said hit location (T); 
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- after the sard stream of material has cdlidecl for the first time with the said impact face (1 5) of the said rotating 
impact member (14) and has come off the said impact face (15), guiding the said material, which has collided 
once, in a straight stream (R^). when seen from a stationary viewpoint, which straight stream (R^), in the plane 
of the rotation, has a direction which is inclined fonwards at an angle (p"). when seen in the said direction of 
5 rotation, and is inclined outwards, when seen from the said axis of rotation (O) and is inclined outwards, when 

seen from said plane of the rotation; 

immediately after the first impact, hitting the said material, which has collided once and is moving in the said 
straight stream (R^), for a second time with a collision face (17) of a stationary impact member (16) which is 
disposed in the straight stream (R^) which the said material describes, when seen from a stationary viewpoint. 
10 at a tocation outside at least one side of a cylindrical space (20) which is defined by the said rotating impact 

member (14) and in which the said rotating impact member (14) rotates. 



18. 



Method according to one of the preceding Claims, comprising the step of: 



15 - creating a vacuum in the space (23) in which the said rotor (2), the said guide member (8). the said rotating 
impact member (14) and the said stationary inpact menrrber (16) are disposed. 

19. Method according to one of the preceding Claims, comprising the step of: 

20 - creating a low temperature in the space (23) in which the said rotor (2), the said guide member (8). the said 
rotating impact member (1 4) and the said stationary impact member (16) are disposed. 

20. Method according to one of the preceding Claims, the said rotor (28) bearing at least two guide members (24)(25). 
the radial distances (r')(r") from the said axis off rotation (O) to the said respective central feeds (30)(31). 

25 

21 . Method according to one of the preceding Claims, the said rotor (28) bearing at least two guide members (24)(25). 
the radial distances from the said axis of rotation (O) to the said respective central inlets (32)(33) not all being iden- 
tical. 

30 22. Method according to one of the preceding Claims, the said take-off velocity (Vabs), which is to be prescribed with 
the aid of the angular velocity (Q) and at which the said stream of material comes off the said guide member (8). 
being at least 10 metres per second, when seen from a stationary viewpoint. 

23. Method according to one of the preceding Claims, the said predetermined take-off angle (a), which is formed by 
35 the said straight stream (R) which the said material describes at the moment at which the said stream of material 
comes off the said guide member (8), and the tangent (t^) on the periphery which the said delivery end describes, 
being at least 30**. when seen from a stationary viewpoint. 
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24. Methodaccording to one of the preceding Claims, the said radial velocity component (v^) of the take-off velocity 
(Vabs). at the moment at which the said stream of material comes off the said guide member (8). being at least 50% 
of the said transverse velocity component (vt). 



25. Method according to one of the preceding Claims the relationship between the said radial distance (r^) from the 
said axis of rotation (O) to the end point of said delivery end (1 1) and the said corresponding radial distance (r^) to 
45 the end point of the said central feed (9) essentially satisfying the equation: 



a = arctan 



( I 2 2 A 

cosanJr, -r. 



so 



-sin aoV^i ^ '^c^ J 
where for radially designed guide member (8): 



55 = Vl -tan^ a 

in which: 
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= the radial distance from th said axis of rotation to the location where the said as yet uncdlided stream of 
material leaves the said guide member. 

r^ = the radial distance from the axis of rotation to the location where the central feed merges into the guide 
face. 

5 a = the included angle between, on the one hand, the velodty of the location where the said as yet uncollided 

stream of material leaves the said guide member (tip velocity), equal in size to the product of the angular veloc- 
ity (Q) and the radial distance from the said axis of rotation to the location where the said as yet uncollided 
material leaves (r^) the said guide member, and, on the other hand, the absolute velocity (v^bs) of the said as 
yet uncollided stream of material on leaving the said guide member 

10 oo = the included angle between the radial line on which is situated the location where the stream of material 

leaves the guide member and the movement of the stream of material at the moment at which it leaves the 
guide member. 

26. Method according to one of the preceding Claims, the said radial distance (r^) from the said axis of rotation (O) to 
15 the end point of the said delivery end (1 1 ) being at least 33 greater than tiie said corresponding radial distance 

(ro) to the start point of the said central feed (9). 

27. Method according to one of the preceding Claims, the said angle (6) between the radial line (48) on which is situ- 
ated the location (W) at which the said as yet uncollided stream of material leaves the said guide member (8) and 

po the radial line (49) on which is situated the location (T) at which the said stream (S) of the said as yet uncollided 
material and the patio (C) of the said rotating impact member (14) intersect one another essentially satisfying the 
equation: 

vp Sin a + r 1 / ^ f r T 

in which: 

e = included angle between the radial line on which is situated ttie location (W) where tiie said as yet uncollided 
30 stream of material (S) leaves (r^) the said guide member and the radial line on which is situated the location 

(T) where the said as yet uncollided stream of material (S) strikes tiie rotating impact member (r). when seen 
from a viewpoint which moves atong and on ttie understanding that a negative value of this angle (6) indicates 
a rotation in the opposite direction to tiie rotation of the said guide member. 

r= the radial distance from the said axis of rotation to the location where the said stream of the said as yet 
35 uncollided material and the path of the said rotating impact member intersect one another. 

r^ = the radial distance from the said axis of rotation to the location where the said as yet uncollided stream of 
material leaves the said guide member.* 

a = the included angle between, on the one hand, the velocity of tiie location where the said as yet uncollided 
stream of material leaves ttie said guide member (tip velocity), equal in size to ttie product of ttie angular veloc- 
40 ity (Q) and the radial distance from the said axis of rotation to the location where the said as yet uncollided 

material leaves (r^) the said guide member, arxJ, on tiie otiier hand, the absolute velocity (Vabs) of the said as 
yet uncollided stream of material on leaving the said guide member. 

f = tiie ratio of. on the one hand, tiie magnitude of the velocity of the location on the guide member where tiie 
said as yet uncollided sti-eam of material leaves ttie said guide member (tip velocity) and, on the other hand. 
45 the magnitude of tiie component of ttie absolute velocity (v^bg) of the said as yet uncollided sti-eam of material 

parallel to the tip velocity, i.e. ttie product of cos(a) and ttie magnitude of the absolute velocity (Vabs) on leaving 
the said guide member. 

Vabs cos a 

so f= — 

p = tiie path covered by the said as yet uncollided stream of material from the said location where the said as 
yet uncollided stream of material leaves the said guide member to the said location where the said as yet 
55 uncollided sti-eam of material sti-ikes the said rotating impact member. 
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p = r 



*{ " a - sin a| 



on the understanding that a negative value of the said angle (6) indicates a rotation in the opposite direc- 
tion to the rotation of the said first rotating impact member (14) and the said guide member (8). 

28. Method according to one of the preceding Claims, the impact velocity (Vifnpa<;t) ^ which the said as yet uncollided 
stream (S) of material is hit with the aid of the said rotating impact member (14) essentially satisfying the equation: 

in which: 



Va bs^osa p + r, Sin g 

fri ""-^abs r 



, f pcosa 1 
[psina + r^ J 



^ , K^*»« I < v^cosa 

<p = arctan \ ^ \ f = 



p = r^|J-^-cos^ a-sina| r = ^r ^ ^ + 2r ^ psi na + p^ v^jp*=Or, 



Vimpact = relative velocity at which Ihe said as yet uncollided stream of material strikes the said impact face, 

when seen from a viewpoint which moves together with the said rotating impact member. 

e = included angle between the radial line on which is situated the location (W) where the said as yet uncollided 

stream of material (S) leaves (r-i) the said guide member and the radial line on which is situated the location 

(T) where tiie said as yet uncollided stream of material (S) strikes tiie rotating inrpact member (r). when seen 

from a viewpoint which moves along and on the urxierstanding that a negative value of this angle (6) indicates 

a rotation in the opposite direction to the rotation of the said guide member. 

r = radial component of the said impact velocity. 

re = transverse component of the said Impact velocity. 

Vabs = absolute velocity of the said as yet uncollided stream of material on leaving tine said guide member, 
when seen from a stationary viewpoint. 

vtip = peripheral velocity of the said location where the said as yet uncollided stream of material leaves the said 
guide member (tip velocity). 

a = the included angle between, on the one harKt, the velocity of the location where the said as yet uncollided 
stream of material leaves the said guide member (tip velocity), equal in size to the product of the angular veloc- 
ity (Q) and the radial distance from the said axis of rotation to the location where the said as yet uncollided 
material leaves (r^) the said guide member, and, on the other hand, the absolute velocity (Vej^g) of the said as 
yet uncollided stream of material on leaving the said guide member. 

r = the radial distance from the said axis of rotation to the location where the said sb^eam of the said as yet 
uncollided material and the path of the said rotating inrpact member intersect one another, 
r-i = the radial distance from the said axis of rotation to the location where the said as yet uncollided stream of 
material leaves the said guide member. 

p = the path covered by the said as yet uncollided stream of material from the said location where the said as 
yet uncollided stiream of material leaves the said guide merrd^er to the said location where the said as yet 
uncollided stream of material strikes the said rotating impact member. 
O = angular velocity of the said guide member. 

<p = the angle between the said radal line on which is situated the location where the said as yet uncollided 
stream of material leaves the said guide member (the sajd tip of the said guide member), when seen from a 
stationary position at the moment at which the said as yet uncollided stream of material leaves the said guide 
member, and the radial line to the location where the said as yet uncollided material hits the said rotating 
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impact member tor the first time, when seen from a stationary position. 

29. Mettod according to one of the preceding Claims, the said impact face (15). at the location where the said as yet 
uncollided stream (S) of material hits the said impact face (15). when seen in the plane of the rotation, and when 
seen from a viewpoint which moves together with the said rotating impact menber (14). forming an included angle 
(p*) with a line (34) which is directed perpendicular to the said radial line (35) on which is situated the location at 
which the said stream of material leaves the said guide member (8). which angle (p*) essentially satisfies the equa- 
tion: 
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in which: 
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P' = the said included angle which the said impact face, at the location where the said as yet uncollided stream 
of material hits the said impact face, when seen in the plane of the rotation, and when seen from a viewpoint 
which moves together with the said rotating impact memtjer, forms with the line which is directed perpendicular 
to the said radial line on which is situated the location where the said as yet uncollided stream of material 
leaves the said guide member, 

Vabs = absolute velocity of the said as yet uncollided stream of material on leaving the said guide member, 
when seen from a stationary viewpoint. 

vtip = peripheral vdodty of the said location where the said as yet uncollided stream of material leaves the said 
guide member (tip velocity). 

a = the included angle between, on the one hand, the velocity of the location where the said as yet uncollided 
stream of material leaves the said guide member (tip velocity), equal in size to the product of the angular veloc- 
ity (H) and the radial distance from the said axis of rotation to the location where the said as yet uncollided 
material leaves (r^) the said guide member, and. on the other hand, the absolute velocity (Vabs) of the said as 
yet uncollided stream of material on leaving the said guide member. 

r = the radial distance from the said axis of rotation to the location where the said stream of the said as yet 
uncollided material and the path of the said rotating Impact member Intersect one another, 
r^ = the radial distance from the said axis of rotation to the location where the said as yet uncollided stream of 
matericU leaves the said guide membe*. 

6 = included angle between the radial line on which is situated the location (W) where the said as yet uncollided 
stream of material (S) leaves (r^) the said guide member and the radial line on which is situated the location 
(T) where the said as yet uncollided stream of material (S) strikes the rotating impact member (r). when seen 
from a viewpoint which moves along and on the urKierstanding that a negative value of this angle (0) indicates 
a rotation in the opposite direction to the rotation of the said guide member. 

p = the path covered by the said as yet uncollided stream of material from the said location where the said as 
yet uncollided stream of material leaves the said guide merrd^er to the said location where the said as yet 
uncollided stream of material strikes the said rotating impact member, 
n = angular velocity of the said guide member. 

(p - the angle between the said radial line on which is situated the location where the said as yet uncollided 
stream of material leaves the said guide member (the said tip of the said guide member), when seen from a 
stationary position at the moment at which the said as yet uncollided stream of material leaves the said guide 
member, and the radial line to the location where the said as yet uncollided material hits the said rotating 
impact member tor the first time, when seen from a stationary position. 
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30- Method according to one of the preceding ClainTs. the inrpact face (15) of the said rotating inpact mennber (14) 
being directed slightly inwards, when seen in the plane of the rotation, in such a manner that the said angle (p**), 
which the said impact face (15) forms with the said spiral stream (S), at the location of the Impact is greater than 
90'', when seen from a viewpoint which moves together with the said rotating Impact member (14). 

5 

31 . Method according to one of the preceding Claims, the said impact face (1 5) of the said rotating impact member (14) 
being directed slightly downwards, when seen from the plane directed perpendicular to the plane of the rotation. In 
such a manner that the said angle (p***) which the said impact face (15) forms with the said spiral stream (S), at the 
location of the impact, is greater than 90**. when seen from a viewpoint which moves together with the said rotating 

10 impact member (14). 

32. Method according to one of the preceding Claims, the inpacts of the said as yet uncolilded stream of material 
against the said impact face (15) of the said rotating impact member (14) taking place at an angle (p) of between 
7S^ and 85*". when seen from a viewpoint which moves together with the said rotating impact member (14). 

15 

33. Method according to one of the preceding Claims, the design and the geometry of the said guide member (8)(194) 
and of the said rotating impact member (14)(196) being mutually adapted to the shift (192) to the rear, when seen 
in the direction of rotation, of the said spiral stream (S) which the said material passes through between the said 
guide memk^er (8)(194) and the said rotating impact member (14)(196), when seen from a viewpoint which moves 

20 together with the said rotating impact member (14)(196), which shift (192) occurs due to wear (195) on the said 
guide face (10)(193), and in particular at the said delivery end (11)(199), and specifically being adapted in such a 
manner that, in the event of wear (1 95) to the said guide member (8)( 1 94) . the said impact face ( 1 5)(36) always lies 
in the said spiral stream (S) of the said material. 

25 34. Method according to one of the preceding Clainrrc, the said rotor (2) bearing at least two rotating Impact members 
(38)(39). the radial (r^(r") distances (40)(41 ) from the said axis of rotation (O) to the said respective rotating impact 
members (38)(39) not all being identical. 

35. Method according to one of the preceding Claims, the said stationary impact member (16) being equipped with at 
30 least one collision face (46) made of hard metal, which collision face (46) is directed virtually transversely to the 

straight stream (R^) which the said material which has collided once describes when it comes off the said rotating 
impact member (14). when seen from a stationary viewpoint. 

36. Method according to one of the preceding Claims, the said stationary impact member(18) being equipped with at 
35 least one collision face (47), which is formed by a bed of its own material, which collision face (47) is directed at the 

straight stream (R^) which the said material which has collided once describes when it comes off the said rotating 
impact member (1 4). when seen from a stationary viewpoint. 

37. Method according to Claims 35 and 36, the sard coliision face (46)(47) being disposed In the said straight stream 
40 (Rp) which the said material describes when it comes off the said rotating impact member (14) in such a manner 

tfiat the said impacts of the said as yet uncoilided stream of material against the said collision face (46)(47) take 
place at a virtually perpendicular angle when seen from the plane of rotation and when seen from a stationary view- 
point. 

45 38. Method according to Claims 35 to 37. the said collision face (46)(47) being disposed in the said straight stream (R^) 
which the said material describes when it comes off the said rofating impact member (14) in such a manner that 
the said impacts of the said as yet uncoilided stream of material against the said collision face (46)(47) take place 
at an angle of 75** - 85°, when seen from a stationary viewpoint. 

so 39. Method according to one of the preceding Claims, with the object of comminuting granular and particulate material. 

40. Method according to one of the preceding Claims, with the object of working the shape of granular and particulate 
material. 

55 41 . Method according to one of the preceding Claims, with the object of treating the surface of granular and particulate 
material. 

42. Device for carrying out the methods according to the preceding claims, comprising: 
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at least one rotor (52) which can rotate around a central, vertical axis of rotation (O) and is provided with a shaft 

(51) ; 

- at least one guide menft)er (58)(21 7). which Is supported by the said rotor (52)(207)(22g) and is provided with 
a central feed (59). a guide face (60) and a delivery end (61). for respectively feeding, guiding, accelerating and 
5 delivering the said stream of material which, in a region close to the said axis of rotation (O). is metered onto 

the said rotor (52). which guide member (58) extends in the direction of the external edge (201) of the said rotor 

(52) ; 

at least one rotatable impact member (64), which is associated with the said guide menrU)er (58)(21 7) and can 
rotate around the said axis of rotation (O). which rotatable impact member (64)(222)(227)(236) is equipped 

10 with an impact face (65) which lies entirely behind, when seen in the direction of rotation, the radial line on 

which is situated the location (W) at which the said as yet uncdlided stream of material leaves the said guide 
member (58) and at a greater radial distance from the said axis of rotation (O) than the location (W) at which 
the said as yet uncollided stream of material leaves the said guide member (58), the position of which impact 
face (65) is determined by selecting the angle (8) between the radial line on which is situated the location (W) 

15 at which the said as yet uncollided stream of material leaves the said guide memt)er (58) arxJ the radial line on 

which is situated the location at which the said essentially deterministic stream (S) of the said as yet uncollided 
stream of material and the path (C) of the said impact face (65) Intersect one another, in such a manner that 
the arrival of the said as yet uncollided material at the location where the said stream (S) and the said path (C) 
Intersect one another is synchronized with the arrival at the same location of the said inpact face (65). which 

?o Impact face (65) is directed virtually transversely, when seen In the plane of the rotation, to the spiral stream 

(S) which the said as yet uncollided material describes, when seen from a viewpoint which moves together with 
the said rotatable impact member (64). 



43. Device according to one of Claim 42. comprising: 

25 

- metering means (200j(208)(209)(230)(245) for metering at least one stream (A) of one type of material or 
metering the said stream of material in parts; 

a metering face (53)(213) which Is supported by the said rotor (52)(214) and is disposed in the central region 
of the said rotor (52)(21 4), close to the axis of rotation (O) of the rotor (52)(124). 

30 

44. Device according to one of Claims 42 and 43, comprising: 



at least one preliminary guide member (257). which is associated with the said guide memt)er (217) and is sup- 
ported by the said rotor (255), for the preliminary guidance of the said metered stream of material from the said 

35 metering face (53) in the direction towards the central feed (260) of a guide member (53). which central inlet 

(218) is supported by the said rotor (255) and is situated at a distance from the said axis of rotation (O), which 
preliminary guide member (257) Is provided with a preliminary guide face (262). which extends from a central 
Inlet (258) in a direction, which is essentially opposite to the direction of rotation of the said rotatable metering 
face (255), towards a delivery location (263), which lies at a greater radial distance from the axis of rotation (O) 

40 than the central inlet (258), which preliminary guide face (262) as far as possible follows the outside, when 

seen from the axis of rotation (O), of the natural, spiral stream (Sc) which the said material describes, at the 
location at the said rotatable metering face (58). the location of the said central Inlet (258) coinciding with the 
location of the said central feed (259) arxi the distance between the said delivery location (263) and the said 
central feed (260) being at least sufficiently great for the said stream of material to be able to be fed unimpeded 

45 to the said central feed (260). 



45. Device according to one of Claims 42 to 44 , comprising: 



at least one guide member (58)(21 7)(224), which is supported by the said rotor {52)(207)(229)(246) and is pro- 
50 vided with a central feed (59). a guide face (60) and a delivery end (61). for respectively feeding, guiding, accel- 

erating and delivering the said stream of material which, in a region close to the said axis of rotation (O), is 
metered onto the said rotor (52). which delivery end (61) is situated behind, when seen in the direction of rota- 
tion, the radial line on which is situated the said central feed (59). which central feed (59) is situated at such a 
radial distance from the said axis of rotation (O) and has a length (4) which is at least suff iciemiy great for the 
55 said stream of material to be taken up by the said central feed (55), which guide memk>er (58). which extends 

from the edge of the said metering face (53) in the direction of the external edge of the said rotor (52), can be 
rotated at an angular velocity (n) which Is at least sufficiently great and has a guide face (60) with a length {ig) 
which is at least suffiderrtly great, for the radial distance (r^) from the said axis of rotation (O) to the end point 
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of the said delivery end (61) to be at least sufficiently greater than the corresponding radial distance {Tq) to the 
start point of the said central feed (59) for the said stream of material to be guided, from a predetermined take- 
off location (W) on the said delivery end (61), at a predetermined take-off angle (a) which Is greater than 0**, 
when seen from a stationary viewpoint, in an essentially deterministic straight stream (R), when seen from a 
5 stationary viewpoint, and in an essentially deterministic spiral stream (S), when seen from a viewpoint which 

moves together with the said guide memt>er (58). 



46. Device according to one of Claims 42 to 45. comprising: 

10 - at least one guide member (58)(1 73)(21 7)(224), which is supported by the said rotor (52)(207)(229)(246) and 
is provided with a central feed (59), a guide face (60) and a delivery end (61), for respectively feeding, guiding, 
accelerating and delivering the said stream of material which, in a region close to the said axis of rotation (O). 
is metered onto the said rotor (52). which delivery end (61) is situated behind, when seen in the direction of 
rotation, the radial line on which is situated the said central feed (59). which central feed (59) is situated at such 

15 a radial distance from the said axis of rotation (O) and has a length (Z^) which is at least sufficiently great for 

the said stream of material to be taken up by the said central feed (55), which guide member 
(58)(1 73)(21 7)(224). which extends from the edge of the said metering face (53) in the direction of the external 
edge of the said rotor (52). can be rotated at an angular velocity (n) which is at least sufficiently great and has 
a guide face (60) with a length (/g) which is at least sufficiently great, for the radial distance (r^) from the said 

20 axis of rotation (O) to the end point of the said delivery end (61 ) to be at least sufficiently greater than the cor- 

responding radial distance (ro) to the start point of the said central feed (59) for the said stream of material to 
be guided, from a predetermined take-off location (W) on the said delivery end (61). at a predetermined take- 
off angle (a) which is greater than O"*. when seen from a stationary viewpoint, in an essentially deternnintstic 
straight stream (R), when seen from a stationary viewpoint, and in an essentially deterministic spiral stream 

25 (S), when seen from a viewpoint which moves together with the said guide member (58) which guide member 

(58)(173)(217)(224), In longitudinal direction has a layered structure, with at least five horizontal layers 
(311)(312)evenly distributed on top of each other, composing a structure with an alternate higher (312) and 
lower (31 1) wear resistance, with the top layer (310) and the bottom layer (313) having a higher wear resist- 
ance. 



30 



47. Device according to one of Claims 42 to 46. comprising: 



- at least one guide men*er (280), which is supported by the sakJ rotor (279) and is provided with a central feed 
(282), a guide face (283) and a delivery end (284) for respectively feeding, guiding, accelerating and delivering 

35 the said stream of material which. In a region dose to the said axis of rotation (O), is metered onto the said 

rotor (279), which guide member (280) has a type of S-shape and extends in the direction of the edge of the 
said rotor (279). the said central feed (282) being situated at such a radial distance from the said axis of rota- 
tion (O) and having a length (i^) which is at least sufficiently great for the said stream of material (SJ to be 
taken up by the said central feed (282) and extends, from the edge of the said metering face (53), as far as 

40 possible out of the continuation of the said natural, spiral stream (Sc) which the said material describes at the 

location on the said metering face (53). in an increasingly radial, bent-forwards direction, when seen in the 
direction of rotation, which bent-forwards central feed (282) gradually merges into a straight guide face (283) 
which is inclined backwards, when seen in the direction of rotation, and extends further outwards, when seen 
from the direction of rotation, which straight, backwardly directed guide face (283) merges into a delivery end 

45 (284) which is bent backwards, when seen in the direction of rotation, in such a manner that the location (95) 

at which the said guide face (283) merges into the said bent delivery end (284) lies behind, when seen in the 
direction of rotation, the radial line on which is situated the location (94) at which the central feed (282) merges 
Into the said guide face (283). the said bend of the said delivery end (284) extending to approximately the loca- 
tion (96) where the said material comes off the said guide member (280) in a natural manner, when seen from 

so a viewpoint which moves together with the said guide member (280), which guide face (283) has a length (/g) 

which is at least sufficiently great for the radial distance (r.,) from the said axis of rotation (O) to the end point 
of the said delivery end (284) to be at least sufficiently greater than the corresponding radial distance (ro) to the 
start point of the said central feed (282) for the said stream of material to be guided, from an essentially prede- 
termined take-off location (W). onto the said delivery end (284). which bends continually further backwards. 

55 when seen in the direction of rotation, at an essentially predetermined take-off angle (a), which is greater than 

0**. when seen from a stationary viewpoint, and In an essentially deterministic straight stream (RJ, when seen 
from a stationary viewpoint, and in an essentially deterministic spiral stream (S), when seen from a viewpoint 
which moves together with the said guide member (280). 
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48. Device according to one of Claims 42 to 47. comprising: 

- at least one pivoting guide member (270). wtiich is supported t>y the said rotor (271) and is provided with a cen- 
tral feed (303). a guide face (304) and a delivery end (305) for respectively feeding, guiding accelerating and 

5 delivering the said stream of material v^^ich is metered onto the said rotor (271). which central feed (303) is 

situated at such a radial distance from the said axis of rotation (O) and has such a length (/J that the said 
stream of material (SJ is taken up by the said central feed (303). which pivoting guide member (270). which 
extends from the external edge of the said metering fece (53) in the direction of the external edge of the said 
rotor (271). can be rotated at an angular velocity (Q) which is at least sufficiently great and has a guide face 

^0 (304) with a length (/g) which is at least sufficiently great for the radial distance (r^) from the said axis of rotation 

(O) to the end point of the said delivery end (305) to be at least sufficiently greater than the corresponding 
radial distance (ro) to the start point of the said central feed (303) for the said stream of material to be guided, 
from an essentially predetermined take-off location (W) on the said delivery end (305). at an essentially prede- 
termined take-off angle (a) which is greater than 0'. vi^en seen from a stationary viewpoint, in an essentially 

IS deterministic spiral stream (S). when seen from a viewpoint which moves together with the said pivoting guide 

member (270), which pivoting guide member (270). at a distance from the said eucis of rotation (O). is con- 
nected by means of a vertical hinge (272) to the said rotor (271), with the vertical pivot point (273) at a radial 
distance (278) from the said axis of rotation (O) vvhich is less than the corresponding radial distance to the 
mass centre (274) off the said pivoting guide member (270). 

.■0 

49. Device according to one of Claims 42 to 48. comprising: 

a subsequent guide member (62). which is provided with a sul5sequent guide face (63). which subsequent 
guide membe- (62) is supported by the said rotor (255) and is disposed between the said delivery end (306) 
^5 and the said impact face (307). with the said subsequent guide face (63) along at least a section of at least one 

side of the said spiral stream (S) which tiie said material describes between tiie said delivery end (306) and 
the said impact face (307). when seen from a viewpoint which moves together with the said rotatabie impact 
member (309). 

30 50. Device according to one of Claims 42 to 49, comprising: 

- at least one rotatabie impact mender (64)(227)(236), which is associated with the said guide member 
(58)(217)(234), can rotate around the said axis of rotation (O) and is supported by the said rotor 
(52)(207)(229)(246). which rotatabie impact member (64) is equipped with an impact face (65) which lies 

35 entirely behind, when seen in tiie direction of rotation, tiie radial line on which is situated tiie location (W) at 

which the said as yet uncoUided stream of material leaves tiie said guide memt>er (58) and at a greater radial 
distance from the said axis of rotation (O) tfian the location (W) at which the said as yet uncollided stream of 
material leaves the said guide member (58), tiie position of which impact face (65) is determined by selecting 
the angle (6) between the radial line on which is situated the location (W) at which the said as yet uncollided 

40 stream of material leaves tiie said guide member (58) and the radial line on which is situated the location at 

which tiie said essentially deterministic stream (S) of the said as yet uncollided stream of material and tiie path 
(C) of the said innpact face (65) intersect one another, in such a manner that the arrival of the said as yet uncol- 
lided material at the location where the said stream (S) and tiie said path (C) intersect one another is synchro- 
nized with the arrival at tiie same location of ttie said impact face (65), which impact face (65) is directed 

45 virtually transversely and slightiy inwards, when seen from the said axis of rotation (O) and when seen in tiie 

plane of the rotation, to the spiral stream (S) which the said as yet uncollided material describes, when seen 
from a viewpoint vi^iich moves together with the said rotatabie irrpact member (64) the angle (0) having an 
unambiguous relationship with the radial distance from tiie axis of rotation (O) to ttie said impact face (65). 

50 51 . Device according to one of Claims 42 to 50, comprising: 

at least one stationary impact member, which stationary impact member (202)(224)(239) is disposed in the 
straight stream (RJ which the said material describes when it comes off tiie said rotatatDle impact member 
(64){227)(236). when seen from a stationary viewpoint, at a location outside at least one side of a cylindrical 
55 space which is defined by the said rotatabie impact member (64)(227)(236) and in which the said rotatabie 

impact member (64)(227)(236) rotates. 

52, Device according to one of Claims 42 to 51 . comprising: 



ISDOCID: <EP 0835e90Al J_> 



51 



EP0 835 690A1 



at least one slot-iike opening arranged along the front and along the top of the inrpact face of the rotatak>le 
impact member, above which slot-like opening an air-guidance merrier (145) is arranged, with the opening in 
the direction of the rotation, which slot-like opening and which air-guidance member are supported by saki 
rotatabte inrpact member. 

5 

53. Device according to one of Claims 42 to 52, comprising: 

- a space in which the said rotor {52)(207)(229)(246)(255)(266)(271)(279)(288), the said guide member, the 
said rotatable impact memt>er and the said stationary impact memk>er are disposed and in which a vacuum can 

10 be created. 

54. Device according to one off Claims 42 to 53, comprising: 

- a space in which the said rotor (52)(207)(229)(246)(255)(266)(271)(279)(288). the said guide member, the 
15 said rotatable impact member and the said stationary impact member are disposed and in which a low temper- 
ature can be created. 

55. Device combining any of the aspects according to the preceding Claims. 

20 56. Device according to one of Claims 42 to 55. for making a stream of granular material collide twice immediately in 
succession, comprising: 

at least one shaft (51) which can rotate around a central, vertical axis of rotation (O), which shaft (51) bears a 
rotor (207), which comprises a first rotor blade (21 1) and a second rotor blade (214) positioned directly beneath 
25 the latter, which first rotor blade (21 1) has a larger diameter than the second rotor blade (214) and is provkied 

in the central part with an opening (212) for metering material onto the saki second rotor blade (214); 
metering means (200)(208)(209) for metering at least one stream (A) of one type of material or metering the 
said stream of material in parts; 

a metering face (213) which is supported by the said rotor (207) and is disposed in the central region of the 

30 said, rotor (207). close to the axis of rotation (O) of the rotor (207); 

at least one guide member (217). which is supported by the said second rotortDlade (214) and is provided with 
a central feed (121). a guide face (122) and a delivery end (21 9). for respectively feeding, guiding, accelerating 
and delivering the said stream of material which, in a region close to the said axis of rotation (O), is metered 
onto the said second rotorblade (214), which delivery end (219) is situated behind, when seen in the direction 

35 of rotation, the radial line on which is situated the said central feed (121), which central feed (121) is situated 

at such a radial distance from the said axis of rotation (O) arKi has a length (1^) which is at least sufficiently 
great for the said stream of material to be taken up by the said central feed (121). which guide member (21 7), 
which extends from the edge of the said metering face (213) in the direction of the external edge of the said 
rotor (207), can be rotated at an angular velocity (il) which is at least sufficiently great and has a guide face 

40 (122) with a length (^g) which is at least sufficiently great, for the radial distance (r-t) from the said axis of rota- 

tion (O) to the end point of the saki delivery end (219) to be at least sufficiently greater than the corresponding 
radial distance (ro) to the start point of the said central feed (121) for the said stream of material to be guided, 
from a predetermined take-off location (VSO on the said delivery end (219), at a predetermined take-off angle 
(a) which is greater than O"". when seen from a stationary viewpoint, in an essentially deterministic straight 

45 stream (R). when seen from a stationary viewpoint, and in an essentially deterministic spiral stream (S). when 

seen from a viewpoint which moves together with the said gukJe member (217); 

at least one rotatable impact member (227), which is associated with the said guide member (21 7). can rotate 
around the said axis of rotation (O) and is freely suspended, at a greater radial distance from the axis of rota- 
tion (O) than the gukJe member (217), along the bottom of the edge (221) of the first rotorblade (21 1), whk:h 

so rotatable impact member (217) is equipped with an impact face (222) which ties entirely behind, when seen in 

the direction of rotation, the radial line on which is situated the location (W) at which the said as yet uncollkled 
stream of material leaves the said guide member (217) and at a greater radial distance from the said axis of 
rotation (O) than the location (W) at which the said as yet uncollided stream of material leaves the said guide 
member (217). the position of which impact face (222) is determined by selecting the angle (6) between the 

55 radial line on which is situated the location (W) at which the saki as yet uncollded stream of material leaves 

the said guide member (217) and the radial line on which is situated the location at which the saki essentially 
deterministic stream (S) of the said as yet uncollided stream of material and the path (C) of the said impact face 
(222) intersect one another, in such a manner that the arrival of the said as yet uncollided material at the loca- 
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tion where the said stream (S) and the said path (C) intersect one another is synchronized with the anival at 
the same location of the said impact face (222). which impact face (222) is directed virtually transversely and 
slightly inwards, when seen from the said axis of rotation (O) and when seen in the pfane of the rotation, to the 
spiral stream (S) which the said as yet uncollided material describes, when seen from a viewpoint which moves 
5 together with the said rotataWe impact member (227) the angle (6) having an unambiguous relationship with 

the radial distance from the axis of rotation (O) to the said impact face (222); 

at least one stationary impact member, which stationary impact member (224) is disposed in the straight 
stream (Rr) which the said material describes when it comes off the said rotatable impact member (227), when 
seen from a stationary viewpoint, at a location outade at least one side of a cylindrical space which is defined 
10 by the said rotatatrfe impact member (227) and in which the said rotatable impact member (227) rotates. 

57. Device according to one of Claims 42 to 56. the said rotor (265) bearing at least two guide members (217)(266), 
the radial distances (268)(269) from the said axis of rotation (O) to the said respective central feeds (125)(126) 

15 58. Device according to one of Claims 42 to 57. the said rotor (265) bearing at least two guide members (217)(266). 
the radial distances (268)(2e9) from the said axis of rotation (O) to the said respective central inlets (133)(134) not 
all being identical. 

59. Device according to one of Claims 42 to 58. the length (i^) of the said central feed (59)(121), i.e. the difference 
V between the radial distance from the said axis of rotation (O) to the start point of the. said central feed (59)(121) and 
the corresponding radial distance to the end point of the said central feed (59)(1 21 ), essentially satisfying the equa- 
tion: 



25 




in which: 

4 = minimum length of the central feed, which is given as the difference between the radial distance from the 
30 axis of rotation (ro) to the location where the central feed is situated closest to the axis of rotation and the radial 

distance from the axis of rotation (r^) to the location where the central feed merges into the guide iace. 

X = the angle between the radial line on which is situated the location where the central feed is situated closest 

to the axis of rotation and the radial line on which is situated the location where the material hits the guide 

member which follows in the direction of rotation. 
35 Va = the radial velocity component of the grain on the rotor at a radial distance (ro) from the axis of rotation 

where the central feed is situated closest to the axis of rotation. 

CI = angular velocity of the said guide member. 

60. Device according to one of Claims 42 to 59, the said take-off velocity (Vabs). which is to be prescribed with the aid 
w of the angular velocity (Q) and at which the said stream of material comes off the said guide member (58)(217). 

being at least 10 metres per second, when seen from a stationary viewpoint. 

61. Device according to one of Claims 42 to 60, the said predetermined take-off angle (a), which is formed by the said 
straight stream (R) which the said material describes at the moment at which the said stream of material comes off 

45 the said guide member (58)(517). and the tangent {^) on the periphery (C) which the said delivery end (61)(219) 
describes, being at least SO"", when seen from a stationary viewpoint. 

62. Device according to one of Claims 42 to 61 . the said radial velocity component (v^) of the take-off velocity (Vaj^s). at 
the nx>ment at which the said stream of rreterial comes off the said guide memt>er (58)(217). being at least 50% 

so of the said transverse velocity component (vj. 

63. Device according to one of Claims 42 to 62. the relationship between the said radial distance (r^ from the said axis 
of rotation (O) to the end point of said optionally moving delivery end (61) and the said corresponding radial dis- 
tance (rc) to the end point of the said central feed (59) essentially satisfying the equation: 
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a = arctan 



I 2 2 A 



2 



where for radially designed guide member (8): 



— = /T^tan^ 



10 



in which: 



ri = the radial distance from the said axis of rotation to the location where the said as yet uncotlided stream of 
material leaves the said guide member. 
15 r^ = the radial distance from the axis of rotation to the location where the central feed merges into the guide 

face. 

a = the included angle between, on the one hand, the velocity of the location where the said as yet uncollided 
stream of material leaves the said guide member (tip velocity), equal in size to the product of the angular veloc- 
ity {Cl) and the radial distance from the said axis of rotation to the location where the said as yet uncollided 
20 material leaves (r^) the said guide member, and, on the other hand, the absolute velocity (Vg^) of the said as 

yet uncollided stream of material on leaving the said guide member. 

oq = the included angle between the radial line on which is situated the location where the stream of material 
leaves the guide member and the movement of the stream of material at the moment at which it leaves the 
guide merri^er 

25 

64. Device according to one of Claims 42 to 63, the said radial distance (r^) from the said axis of rotation (O) to the end 
point of the said optionally moving delivery end (61)(219)(305) being at least 33 V3 % greater than the said conre- 
sponding radial distance (ro) to the start point of the said central feed (59)(1 21)(303). 

30 65. Device according to one of Claims 42 to 64, the said rotor (265) bearing at least two rotatable impact members 
( 1 38)(220)(267), the radial (r')(r") distances (1 39)(1 40)(1 41 ) from the said axis of rotation (O) to the said respective 
rotatable impact members (1 38)(220)(267) not ail being identical. 

66. Device according to one of Claims 42 to 65. the said angle (6) between the radial line (48) on which is situated the 
35 location (W) at which the said as yet uncollided stream of material leaves the said guide member (8)(58)(21 7)(234) 
and the radial line (49) on which is situated the location (T) at which the said stream (S) of the said as yet uncollided 
material and the path (C) of the said rotatable impact member (14)(64)(227)(236) intersect one another essentially 
satisfying the equation: 



40 



e=arctan r_£cosc^ >) cosa 
vp sin a + r 1 y ^ f r ^ 



in which: 

45 e =: included angle between the radial line on which is situated the location (W) where the said as yet uncollided 

stream of material (S) leaves (r^) the said guide member and the radial line on which is situated the location 
(T) where the said as yet uncollided stream of material (S) strikes the rotatable impact memt>er (r). when seen 
from a viewpoint which moves along and on the understanding that a negative value of this angle (0) indicates 
a rotation in the opposite direction to the rotation of the said guide member. 

50 r = the radial distance from tiie said axis of rotation to the location where the said stream of the said as yet 

uncollided material and the path of the said rotatableimpact member intersect one another, 
r^ = the radial distance from the said axis of rotation to the location where the said as yet uncollided stream of 
material leaves the said guide memb>er 

a = the included angle between, on the one hand, the velocity & the location where the said as yet uncollided ' 
55 stream of material leaves the said guide member (tip velocity), equal in size to the product of the angular veloc- 

ity (Q) and the radial distance from the said axis of rotation to tiie location where the said as yet uncollided 
material leaves (r^) the said guide member and, on the other hand, the absolute velocity (v^^) of the said as 
yet uncollided stream of material on leaving the said guide member. 
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f = the ratio of, on the one hand, the magnitude of the velocity of the location on the guide member where the 
said as yet uncollided stream of material leaves the said guide member (tip velocity) and. on the other hand, 
the magnitude of the component of the atjsolute velocity (Vabs) of the said as yet uncollided stream of material 
parallel to the tip velocity. i.e. the product of cos(a) and the magnitude of the absolute velocity (Va^s) on leaving 
the said guide member. 



Vabs cos a 
t = 



^0 p = the path covered by the said as yet uncollided stream of material from the said location where the said as 

yet uncollided stream of material leaves the said guide member to the said location where the said as yet 
uncollided stream of material strikes the said rotatable impact member. 



15 



p=r 



-cos^ a - sin a| 



on the understanding that a negative value of the said angle (0) indicates a rotation in the opposite direc- 
tion to the rotation of the said first rotatable impact member (14)(64)(227)(236) and the said guide member 
0 (8)(58)(217)(234). 

67. Device according to one of Claims 42 to 66, the impact velocity (Vj^pgct) at which the said as yet uncollided stream 
(S) of material is hit with the aid of the said rotatafcrfe impact member (1 4)(64)(227)(236) essentially satisfying the 
equation: 

25 



30 



in which: 



e = j I- 

[p sin a + r ^ J 



r nr^^^ v^^s COS . p + r ^ sin a 

-r ^ cos a ■ 



abs' 1 ^ « jj- 



35 q) = arctan^ ^^;;^\^^ \ ^^ ^abscosa 
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[psin a + r^J 



P = ri IJ-^ -cos^a-sinaj r= ^ + 2r, psina v^jpsOr^ 



Vjmpact • relative velocity at which the said as yet uncollided stream of material strikes the saki impact face. 

when seen from a viewpoint which moves together with the said rotatable impact mender. 
<5 e = included angle between the radial line on which is situated the location (W) where the saki as yet uncollided 

stream of material (S) leaves (r^) the said guide member and the radial line on which is situated the location 

(T) where the said as yet uncollkJed stream of material (S) strikes the rotatable impact member (r). when seen 

from a viewpoint which moves along and on the understanding that a negative value of this angle (0) indicates 

a rotation in the opposite direction to the rotation of the sakI guide member. 
50 T - radial component of the said impact velocity. 

re = transverse conponent of the said impact velocity. 

Vabs = at)solute velocity of the said as yet uncollkJed stream of material on leaving the sakJ gukle member, 
when seen from a stationary viewpoint 

vtip = peripheral velocity of the said location where the said as yet uncollkJed stream of material leaves the sakI 
55 guide member (tip velocity). 

a = the included angle between, on the one hand, the velocity of the location where the said as yet uncollided 
stream of material leaves the said guide member (tip velocity), equal in size to the product of the angular veloc- 
ity {CI) and the radial distance from the said axis of rotation to the location where the said as yet uncollided 
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10 



15 



material leaves (r^) the sard guide member, and, on the other hand, the absolute velocity (Vabs) ^ the said as 
yet uncolllded stream of material on leaving the said guide member. 

r = the radial distance from the said axis of rotation to the location where the said stream of the said as yet 
uncdlided material and the path of the said rotatable impact member intersect one another, 
r-i = the radial distance from the said axis of rotation to the location where the said as yet uncollided stream of 
material leaves the said guide member. 

p = the path covered by the said as yet uncollided stream of material from the said location where the said as 
yet uncollided stream of material leaves the said guide member to the said location where the said as yet 
uncollided stream of material strikes the said rotatable impact member, 
n = angular velocity of the said guide member. 

<p = the angle between the said radial line on which is situated the location where the said as yet uncollided 
stream of material leaves the said guide member (the said tip of the said guide member), when seen from a 
stationary position at the moment at which the said as yet uncollided stream of material leaves the said gube 
member, and the radial line to the location where the said as yet uncollided material hits the said rotatable 
impact member for the first time, when seen from a stationary position. 



68. Device according to one of Claims 42 to 67. the said impact face (15)(65)(222)(238). at the location where the said 
as yet unoolRded stream (S) of material hits the said impact face {15)(65)(222)(238), when seen in the plane of the 
rotation, and when seen from a viewpoint which moves together with the said rotatable inpact member 
20 (14)(64)(227)(236), forming an included angle (p') with a line (34) which is directed perpendicular to the said radial 
line (35) on which is situated the location at which the said stream of material leaves the said guide member 
(8)(58)(21 7), which angle (p*) essentially satisfies the equation: 



25 



30 



P' = arctan 



r^ cos g ^ [ r cos cp 1 2 
fr., *|psina + r^j 



r 1 cos a 



r 1 sin a + p 



in which: 



35 



a e>r/^^r^ f P ^os A ^ COS a ^ f fr^ 2 1 

arctan (^ ^ ^ ^ ^ J . p _ p = r,|J-^.cos a-sinaj 

|p sin a + r^ j 



<p = arctan - 



* = — v,i„ = nr, 
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p' = the said included angle which the said impact face, at the location where the said as yet uncollided stream 
of material hits the said impact face, when seen in the plane of the rotation, and when seen from a viewpoint 
which moves together with the said rotatable impact member, forms with the line which is directed perpendic- 
ular to the said radial line on which is situated the location where the said as yet uncollided stream of material 
leaves the said guide member. 

Vabe = absolute velocity of the said as yet uncollided stream of material on leaving the said guide member, 
when seen from a stationary viewpoint. 

vtip = peripheral velocity of the said location where the said as yet uncollided stream of material leaves the said 
guide member (tip velocity). 

a = the Included angle between, on the one hand, the velocity of the location where the said as yet uncollided 
stream of material leaves the said guide member (tip velocity), equal in size to the product of the angular veloc- 
ity (Q) and the radial distance from the said axis of rotation to the location where the said as yet uncollided 
material leaves (r^) the said guide member, and. on the other hand, the absolute velocity (Vabs) of the said as 
yet uncollided stream of material on leaving the said guide member. 

r =: the radial distance from the said axis of rotation to the location where the said stream of the said as yet 
uncollided material and the path of the said rotatable impact member intersect one another, 
r-i = the radial distance from the said axis of rotation to the location where the said as yet uncollided stream of 
material leaves the said guide member. 
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e = included angle between the radial line on which is situated the location (W) where the said as yet uncollided 
stream of nnaterial (S) leaves (r^) the said guide member and the radial line on which is situated the location 
(T) where the said as yet uncollided stream of material (S) strikes the rotataWe impact member (r). when seen 
from a viewpoint which moves abng and on the understanding that a negative value of this angle (6) indicates 
a rotation in the opposite direction to the rotation of the said guide member. 

p = the path covered by the said as yet uncollided stream of material from the said location where the said as 
yet uncollided stream of material leaves the said guide member to the said location where the said as yet 
uncollided stream of material strikes the said rotatable impact member. 
Q = angular velocity of the said guide member. 

<p = the angle between the said radial line on which is situated the location where the said as yet uncollided 
stream of material leaves the said guide memt>er (the said tip of the said guide member), when seen from a 
stationary posrtion at the moment at which the said as yet uncollided stream of materia! leaves the said guide 
member, and the radial line to the location where the said as yet uncollided material hits the said rotatable 
impact member for the first time, when seen from a stationary position. 

69. Device according to one of Claims 42 to 68. the impact face (1 5)(65)(222)(238) of the said rotatable impact member 
{14)(64)(227)(236) being directed slightiy inwards, when seen in the plane of the rotation, in such a manner that the 
said angle (p"). which the said impact face (15)(65)(222)(238) forms with the said spiral stream (S). at the location 
of the irrpact is greater tiian 90^, when seen from a viewpoint which moves together with the said rotatable impact 
member (1 4)(64)(227){236). 

70. Device according to one of Claims 42 to 69. tiie said impact face (15)(65)(222)(238) of the said rotatafcJe impact 
member (1 4)(64)(227)(236) being directed slightiy downwards, when seen from the plane directed perpendicular 
to the plane of ttie rotation, in such a manner that the said angle (P***) which tiie said impact face ( 1 5)(65)(222)(238) 
forms with the said spiral stream (S), at the location of the impact, is greater than 90"*. when seen from a viewpoint 
which moves togettier with the said rotatable impact member (14)(64)(227)(236), 

71 . Device according to one of Claims 42 to 70. the impacts of the said as yet uncollided stream of material against ttie 
said impact face {15)(65)(222)(238) of the said rotatable impact member (14)(64)(227)(236) taking place at an 
angle (p) of between 75'' and SS"", when seen from a viewpoint which moves together with the said rotatable impact 
member (14)(64)(227)(236). 

72. Device according to one of Claims 42 to 71 , tiie design and tiie geometry of the said guide member (8)(58)(21 7) 
and of the said rotatat)le impact member (14)(64)(227)(236) being mutually adapted to the shift (192) to the rear, 
when seen in the direction of rotation, of the said spiral stream (S) which the said material passes through between 
the said guide member (8)(58)(217) and the said rotatat)le impact member (14)(64)(227)(236). when seen from a 
viewpoint which moves together with the said rotatable impact member (1 4)(64)(227)(236). which shift (1 92) occurs 
due to wear (195) on the said guide face (10)(60)(122). and in particular at the said delivery end (1 1)(61 )(219), and 
specifically being adapted in such a manner that, in the event of wear (195) to the said guide member (8)(58)(21 7) 
the said impact ^ce (15)(65)(222)(238) always lies in the said spiral stream (S) of tiie said material. 

73. Device according to one of Claims 42 to 72, the said stationary impact men*er (202)(224) being equipped with at 
least one collision face(206)(223) made of hard metal, which collision face (206)(223) is directed virtually trans- 
versely to the sbraight stream (R^) which the said material which has collided once describes when it comes off tiie 
said rotatable impact member (64)(227), when seen from a statk>nary viewpoint. 

74. Device according to one of Claims 42 to 73, the said stationary impact member (244)(309) being equipped with at 
least one collision face(241)(248), which is formed by a bed of its own material, which collision lace (241)(248) is 
directed at the straight stream (Rp) which the said material which has collided once describes when it comes off the 
said rotatable impact member (227)(238). when seen from a stationary viewpoint. 

75. Device according to one of Claims 42 to 74. the said collision face (206)(223)(241)(248) being curved in such a 
manner and disposed transversely in the straight stream (R^) which the said material describes when it comes off 
the said rotatable impact member (64)(227)(238) in such a manner that the said impacts of the said stream of mate- 
rial which has collided once against the said collision face {206)(223)(241)(248) take place as far as possilDle a vir- 
tually perpendicular angle when seen from the plane of rotation and when seen from a stationary viewpoint. 

76. Device according to one of Claims 42 to 74, tiie said collision face (206)(223)(241)(24d) being curved in such a 
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manner and disposed transversely in the straight stream (R^) which the said material describes when it comes off 
the said rotatable impact member (64)(227)(238) in such a manner that the said impacts of the said stream of mate- 
rial which has collided once against the said collision face (206)(223)(241)(248) take place as far as possible at an 
angle of TS"" - BS^, when seen from a stationary viewpoint. 

5 

77. Device according to one of Claims 73 and 76, the said collision face (206)(223)(241)(248) being curved concavely. 
in accordance with the involute (17) which the stream (R) describes from the periphery (C) which the rotatable 
impact member describes. 

10 78. Device according to one of Claims 73 to 77. the said collision face (248) of the stationairy impact members (251) 
being equipped with horizontal plates (309) below and along the front of the collision face (248). which horizontal 
plates (309) are optionally removable. 

79. Device according to one of Claims 73 to 78. the said collision Mce (241) being being acQustable in height (31 5) par- 
rs allele to the said axis of rotation (O). 
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